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A Developmental Analysis of the Effects of Reward 
on Wechsler Intelligence Test Performance 
The detrimental effects which reward may have on performance has 
been demonstrated numerous times since researchers first became aware 
of the phenomenon (McCullers, & Martin, 1971; Miller & Estes, 1961; 
Spence & Dunton, 1967; Spence & Segner, 1967; Terrell, Durkin, & 
Wiesley, 1959). For the most part research_., in this area has focused 
on demonstrating that such a phenomenon actually exists. Perhaps this 
is not surprising given psychology's and society's long history 
of concentrating only on the positive aspects of reward. 
Several hypotheses have been put forward to account for the 
detrimental effects of reward. Most notably these include the intrin-
sic motivation suggestion of Lepper and Greene, the distraction 
hypothesis of Spence, and McGraw's algorithmic-heuristic model. A 
fourth hypothesis using a developmental regression model based on the 
work of Lewin and Werner has more recently been proposed. The 
focus of this study is to provide a test for these models through 
the use of selected subscales from the Wechsler Intelligence Scales. 
The first model to be considered is based on research findings 
in which reward appears to lower intrinsic motivation for inter-
esting activities (.Lepper & Greene, 1975; Lepper, Greene, & Nisbett, 
1973). The concern of these researchers has been the effect of 
reward on subsequent task interest. An extension of this model has 
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been made to account for performance decrements as well (Kruglanski, 
Freedmen, & Zeevi, 1971). In this case which used noncontingent 
rewards, it was postulated that due to the decrease in intrinsic 
motivation resulting from the use of reward, the quality.of perfor-
mance was adversely affected. This model, however, appears to assume 
that extrinsic incentives are not sufficient to override the decrease 
in intrinsic motivation in order to produce a net gain in effort on 
the task. 
The distraction model as proposed by Spence (1970, 1971) argues 
that reward serves to draw the subject's attention from the task and 
thus cause a performance decrement. As initially proposed by Spence, 
distraction occurred as the subject looked at and thought about an 
accumulating pile of rewards. This ffiodel, it appears, could also be 
extended to distraction stemming from the.mere thought or expectation 
of reward. 
McGraw's (in press) model suggests that for the detrimental 
effect·of reward to occur the task must be both interesting (i.e. 
intrinsically motivating) and heuristic. On tasks that are either 
aversive or algorithmic, reward will facilitate performance. An 
algorithmic problem is one in which the direction to the solution is 
straightforward and well-known; whereas the solution to a heuristic 
task requires discovery and insight. McGraw suggests that reward 
limits the focus of the subject such that material perceptually or 
cognitively peripheral is no longer available thereby serving to 
reduce the potential usefulness of that material. This model grew 
out of an extensive literature review and at this point in time may 
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be the best predictor of the effect of reward. The explanatory 
mechanisms underlying this predictive model are not yet fully 
developed, however. 
A more recent notion relies on the work of Lewin (1954) and 
Werner (1948). The suggestion that reward may lead to developmental 
regression as envisioned by these two theorists has appeared in one 
unpublished study (Moran, McCullers, & Fabes, 1978). Regression 1s a 
concept that is utilized by a number of developmental theorists. 
Werner's ( 1948) orthogenetic principle states that ''whenever dev-
elopment occurs it proceeds from a state of relative globality and 
lack of differentiation to a state of increasing differentiation, ar-
ticulation and hierarchic integration" (p. 126). Werner, in looking 
at perceptual organization, reports evidence for regression Vla 
tachistoscopic presentation of inkblots (see Werner, 1957, for a 
discussion of this work). 
Lewin suggests that regression may result from sickness, frustra-
tion, insecurity, or emotional tension. Lewin (1954) also suggests 
that reward can operate much in the same way as these factors. 
Regression may provide one explanatory mechanism for the McGraw 
algori thrnic-heuristic model. Regression can' lead·. to, increased rigid 
functioning (Lewin, 1935), thereby enhancing performance on algorith-
mic tasks and hampering heuristic solutions, as predicted by McGraw's 
model. At the very early stages of development, however, the pre-
dictions are less clear. One is that young children would be similar 
to older (highly developed) children and adults. A second hypothesis 
would be that at younger levels of development, regression leads to 
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more diffuse responses (Werner, 1957). If so, regression might hinder 
'algorithmic responses which require direct and rote responding and 
be facilitative of heuristic solutions which require consideration 
·of the total situation. Thus reward might be facilitative or detri-
mental for either algorithmic or heuristic tasks depending on the 
relative stages of developemnt. 
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To test these various hypotheses, the Wechsler Intelligence 
Scales: Wechsler Adult Intelligence Scale (WAIS), the Wechsler Intelli-
gence Scale for Children-~Revised (WISC-R}, and the Wechsler Pre~ 
school and Primary Scale of Intelligence (WPPSI) were used. Because 
the subscales of the Wechsler scales appear to tap both algorithmic 
processes (rote memory and mechanical skills) and heuristic processes 
(discovery and insight) and because intelligence tests have long 
been used to assess both intellectual power or complexity of func-
tioning and level of intellectual maturity or mental age, these 
tests seemed to offer a potentially useful research instrument. 
Moreover, factor analytic data have shown that on the WAIS (Cohen, 
1957) _and on the WISC-R (Kaufman, 1975) a factor labeled "freedom 
from distractibility" exists, which may prove relevant to the 
Spence hypothesis. Furthermore, the use of the intelligence scales 
provides an opportunity to extend the work on the detrimen~al effect 
of reward beyond traditional laboratory tasks to situations and 
settings closer to the everyday environment. 
There has been considerble interest in recent years 1n the 
effect of reward on intelligence test performance. The results of 
these investigations, however, have been far from consistent. In 
.. 
some studies reward enhances performance (Clingman & Fowler, 1976; 
Edlund, 1972; Higgins & Archer, 1968; Sweet & Ringness, 1975), in 
others reward has had no significant effect (Clingman & Fowler, 1975; 
Fast, 1967; Tiber & Kennedy, 1964; Quay, 1971). In most ·of the cases 
in which a facilitating effect of reward was found the subjects 
were of low socioeconomic status or of low ability. It is interesting 
to note that this same result is found in the literature on children's 
learning (Terrell & Kennedy, 1957; Ward, Kogan, & Pankove, 1972). In 
addition, most of the studies have centered around the nature-nuture 
controversy and as a result take a global look at intelligence. 
One interesting exception was a study conducted by Maller and 
Zubin (1932) which found that reward facilitated performance on 
"speed" tests and hampered performance on "power or analytic" tests, 
with no significant overall IQ differences in reward and nonreward 
subjects. 
Previous work by the McCullers research group (Moran, McCullers, 
& Fabes, 1978) also has shown that although reward has no significant 
overall effect on performance, it may have an impact on selected 
subtests of the WAIS. In a previous experirr.ent, reward significantly 
lowered performance on heuristic subtests (Picture Arrangement, 
Block Design, and Object Assembly) and had little effect on tasks 
labeled as algorithmic (Information, Picture Completion, and Digit 
Symbol). These findings were similar regardless of whether the reward 
was contingent, noncontingent, or involved social competition . 
In this effort to investigate the effect of reward on intelli--
gence, the nature-nuture controversy was ignored and IQ tests were 
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used simp_ly as a source of interesting, well-standardized, and reliable 
tasks. The focus was on the individual subtests and not on overall 
"IQ" scores. Toward this end, in this study, the Vocabulary and Pic-
ture Completion subtests were selected as initial ability indicators 
and six other subscales (Block Design, Similarities, Information, 
Arithmetic, Digit Symbol or Coding or Animal House, and Object Assem-
bly or Geometric Design) were selected as the key target variables. 
The use of the Vocabulary and Picture Completion tests as indicators 
of initial.ability stems from studies on short forms of the WAIS 
(Maxwell, 1957) which showed this pair to be one of the best duads 
in predicting Full Scale IQ scores (r = .914). Silverstein's (1967) 
study on the WISC short forms does not report data for this pair but 
based on the reported data it was anticipated that these two tests 
would provide an adequate, though somewhat lower, predictor of ability 
for elementary students as well. By equating subjects on ability via 
this matching procedure, any differences between reward and nonreward 
subjects were attributed to treatment effects. 
The factor analytic work of Cohen (1957) and Kaufman (1975) 
suggests that the six target subtests can be classified according to 
three factors: Verbal comprehension (I, S); percepttiaJ organization 
(BD, OA); and freedom fro~ distractibility (A, DS or C). Hollenbeck 
and Kaufman (1973) present factor analytic data that fail to show a 
freedom from distractibility factor on the WPPSI, however, but do 
separate the tests on verbal (I, S, A) and perceptual (BD, GD, AH) 
factors. This procedure provided a means to test Spence's distraction 
notion, or at least an extension of that model to "mental" distraction. 
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Based on logical analysis and pilot work, in this experiment, the 
subtests were further classified into those predominantly algorithmic and 
those predominantly heuristic. As algorithmic, the Arithmetic, In-
formation, and Digit Symbol (or Coding or Animal House) tasks have 
been selected. These tasks rely on well-lmow'li. skills and require the 
least reorganization of the task stimuli. The Block Design, Similari~ 
ties and Object Assembly (or Geometric Design) tasks, on the other 
hand, seem to require more heuristic skills, relying on cognitive 
reorganization and insight. The viability of the McGraw model was 
assessed in this manner. 
Through analysis of the performance of reward and nonreward sub-
jects at various age levels (5, 10, 18 years) the relative strengths 
and weaknesses of the developmental regression model, attempting to 
account for the detrimental effect of reward was evaluated. 
Since the focus of this study was on performance decrements due 
to reward the motivational models of the traditional learning theor-
ists and the intrinsic motivation theorists were not considered. 
Method 
Subjects and Experimenters 
The final 9.6 subjects used in this study included equal numbers 
of nursery school children from a University Laboratory School, 
fourth-grade public school children from Stillwater, .Oklahoma, and 
university undergraduates. College students were selected from intro-
ductory psychology classes and received extra credit for their partici-
pation. These students averaged 18.99 years of age with a range 
of18.33 to 19.83 years. Fourth-graders were taken from two class-
rooms preselected for comparability and cooperation by the school 
-principal. The elementary school children ranged in age from 9.50 to 
. 10.67 years with a mean age of 10.00.· Nursery school children were 
0hosen from three classes and had an average age of 4.90 in a range of 
4.00 to 5.58 years. 
The final sample was selected from an initial sample consisting 
of.48 adults, 46 fourth2graders, and 44 nursery school children. Of 
these children, equal numbers of males and females were randomly as-
signed to either a reward or a nonreward condition and to a·male or 
female experimenter, with the following exceptions. All foreign 
students, students who had recently undergone psychometric testing, or 
students who were selected to receive testing in the near future were 
excluded. In addition, one five-year-old refused to participate. 
All rewarded fourth-graders were selected from one classroom 
and all nonrewarded students from another classroom. At the nursery 
school level, in one classroom all students received reward, in a 
second class all were nonreward subjects, and in the third class half 
of the children were assigned to the reward condition and half to the 
nonreward condition. In the latter classroom as with the fourth-
graders ~11 nonreward subjects participated prior to any reward sub-
jects. This procedure was followed to prevent students from entering 
the experiment with misconceptions as to what they would receive for 
participation. 
At each age level, following the completion of the experimental 
session (consisting of an initial ability pretest and the six target 
subtests), subjects were matched on initial ability and age for each 
reward treatment x sex of subject condition. At each age level 
this post hoc matching procedure yielded 16 reward subjects {8. males 
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and 8 females) and 16 nonr.eward subjects ( 8 males and 8 females) 
closely matched on age and initial ability. The matchir1g procedure 
was not ,.performed within the sex of experimenter variable due to re-
stricted sample sizes. The data from unmatched subjects was. not in-
cluded in the analyses. These single-session procedures were used in 
an effort to minimize the disruption of the child's classroom day. 
The experimenters were a male and a female graduate student. Both 
were familiar with Wechsler testing procedures prior to the initiation 
of the experiment, although the male experimenter was the more 
experienced tester. 
Materials 
Standard materials from the Wechsler Intelligence Scales were 
used in the study. Selected subscales were taken from the Wechsler 
Adult Intelligence Scale (WAIS) for the adult subjects, from the 
Wechsler Intelligence Scale for Children--·Revised (WISC-R) for the 
fourth-graders, and from the Wechsler Preschool and Primary Scale of 
Intelligence (WPPSI) for the nursery school children. 
At all ages the Picture Completion (PC) and Vocabulary (V) sub-
scales were utilized to assess initial ability. The six target sub-
tests included Information· (I), Simlarities (S), Digit Symbol (DS), 
Block Design (BD), Arithmetic (A), and Object Assembly (OA). All tests 
were administered in that order to all subjects. For the nursery 
school children the Geometric Design (GD) subtest replaced the 
Object Assembly test and the Animal House (AH) scale replaced the 
Digit Symbol. At the elementary school level the Digit Symbol task 
is called Coding (C). Instructions for the administration for all 
subtests followed the guidelines of the Wechsler Manuals (Wechsler, 
1955, 1967, 1974). 
Reward procedures varied at the different age levels, although 
rew?.rd instructions were similar. For the college students, two 
dollars ($2.00) served asthe incentive. Elementary school children 
chose one prize from among twelve alternatives including a jumprope 
and jacks set, a kite, a jigsaw puzzle, toy cars, a yo-yo, a mechani-
cal puzzle, a design peg-board set, a slinky, a paint set, and books. 
Nursery school children chose one prize from three alternatives. In-
cluded as alternatives at various .times were a bubble blowing set, 
books, crayons, tinker toys, coloring books, a design peg-board set, 
and jigsaw puzzles. 
Procedure 
All subjects were tested individually by either a male or female 
experimenter and each test session lasted approximately 40-50 minutes. 
The procedures varied slightly according to the age level of the 
students. 
College students. These students were tested in either a sem1r.ar 
room 1n. a classroom building or a research trailer nearby. Students 
were told that they would participate in two experiments of a similar 
nature.during the test session. In the first "experiment" the Picture 
Completion and Vocabulary subtests of the WAIS were administered under 
standard instructions to assess initial ability. The stude~t then 
receiyed eitter standard or reward instructions for the second phase 
of the study. Reward subjects were told that this research was funded 
by a government grant and that if they "did well enough on this 
part" they would receive a $2.00 prize, and that they should try to 
do their best. No other comments about reward were made during the 
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test session unless prompted by the subject. Nonreward subjects were 
told that this research was funded by a government grant and also 
were urged to do their best. 
During the second phase all subjects received the six target 
subscales of the WAIS (I, s, DS, BD, A, OA). At the conclusion of the 
session all reward subjects received $2.00 for their participation, 
regardless of performance and all subjects were debriefed about the 
nature of the experiment and cautioned not to communicate the purpose 
or items on the test to anyone until the study was completed. 
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Elementary school children. Subjects at this age all parti.cipated in-
dividually , iri ,.a .research trailer parked on the school grounds. Stu-
dents·were told that the session consisted of two parts and were 
administered the Picture Completion and Vocabulary subscales of the 
WISC-R. Following completicn of this first part, reward subjects were 
informed that for the second part if they did well enough they would 
receive a prize. Students were told that they would receive their 
prize in about two weeks when all of the tests were scored. The re-
ward subjects were taken into a separate room in the trailer and selec-
ted one prize from among 12 alternatives. Students returned to the 
original room and were administered the six target subtests of the 
W:ISC-R (I, S, C, BD, A, OA). Upon completion of these scales the 
students were cautioned not to discuss the test with classmates. 
Following the pretest students in the nonreward group were 
told to try their best on the second part and administered the six 
WISC-R subtests with.standard instructions. At the conclusion of 
testing for all of these children, the selected prizes were given to 
each child in the reward group. In addition, prizes for participation 
were given to those children in the nonreward group to avoid ill-
feelings or jealousy on the part of the children. 
Nursery school children. The nursery school children were 
tested in a room adjacent to their classroom. Each of the examiners 
spent time in the classroom prior to testing so that the children 
would be familiar with the experimenters. These subjects were also 
told that the session consisted of two parts and for the first part 
were administered the Picture Completion and Vocabulary subtests of 
the WPPSI. Reward subjects at this age level were informed that if 
they did well enough on the second part they would receive a prize. 
Three . prizes were presented to the child and the child selected 
one of these prizes which he or she would like to have. The three 
prizes presented to the child were arbitrarily taken from the total 
group of seven possible prizes. Children were told that if they did 
well enough they would receive their prize in a week, after all the 
tests were scored. The prizes were then put aside out of the direct 
line of sight of the child. 
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Nonreward subjects were simply urged to try to do their best on 
the second part of the session. All subjects for the second part 
received the six target subscales from the WPPSI (I, S, AH, BD, A, GD). 
In the reward classroom all children received their prize 
two days following the administration of the tasks to all of the 
children. In the classroom in which half of the children were reward 
subjects and half were nonreward subjects, the following procedure 
.was used. All of the nonreward subjects were tested first. Upon com-
pletion of the testing of these children, they were brought back to 
the experimental room and told that if they did well enough on the 
tasks they would get a prize and that they could choose the prize they 
wished to have. Only after this procedure was carried out individually 
for each nonreward subject did the testing of the reward· subjects 
begin. At the end of each individual session the child was cautioned 
against communication. All of the children in this classroom received 
the selected prize one day following the testing of the final reward 
subject. 
Due to the length of the sess1on (40-50 minutes) certain 
special procedures were necessary at this age level. The Wechsler 
(1967) manual for the WPPSI notes that sometimes children in the 
normative sample would not sit through the entire test and that 
standardization procedures took this into account. With some of the 
preschool children in this experiment, the session had to be halted 
and continued the next day, others continued after a short (approxi-
mately 15 minutes) break .. One child refused to continue testing. These 
breaks 1n the testing session occurred with approximately equal 
frequency in the reward and nonreward groups (3 and 4 respectively). 
With.other children the order of the subtests was varied in an effort 
to maintain interest. This procedure also occurred with about equal 
frequency in the reward and nonreward conditions. It is felt that 
since these procedural_variations are recognized as appropriate by 
the Wechsler manual, they would not invalidate the·child's perfor-
mance in this study. 
·' 
Results and Discussion 
Matching Procedures 
The matching procedures yielded reward and nonreward groups that 
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were very comparable within each age level. The mean scores of the 
male and female reward subjects and the male and female nonreward sub-
jects were less than two scaled score points from each other at each 
age level. The four mean scores ranged from 24.25 to 24 .. 75, 21.63 to 
23.00, and 20.88 to 21.62 fo~ the nursery, elementary, and college 
students respectively. 
Subjects were also matched for age at each level. This matching 
procedure also proved successful for male and female, reward and non-
reward groups. Mean ages for the four nursery school groups ranged 
from 4.80 to 4.99; at the elementary level the range was from 9.84 to 
10.12; and mean college ages ranged from 18.77 to·19.14 years. 
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Analyses of variance revealed no significant reward/nonreward or 
sex differences in pretest scores or ages. Two cases of reward x 
experimenter interactions appeared; one on pretest matching for 
nursery school students, E. < . 05 ~ and the other on college student 
ages, E. < .05. In each case scores for the female experimenter were 
higher than scores for the male experimenter in the reward group, 
whereas little differences were found in.the nonreward group. Subjects 
were matched within each age level for the reward and sex variables 
and not on the experimenter variable, perhaps accounting for these 
interactions. 
Assessment of Initial Ability 
The Vocabulary and Picture Completion subtests were revealed by 
analyses 'to be adequate predictors of overall performance, especially 
at the two older age levels. The overall correlation of the summed 
pretest scores (sum of the scaled scores for V and PC) with the total 
score (sum of the scaled scores for the six target subscales) was 
significant, E = .45, E. < .0001. The administration of reward appears 
to profoundly alter the correlation between the pretests and some of 
the subtests •. At each age level, the correlation between pretests 
and total score was lower in the rewar•d than in the nonreward group. 
The respective correlations for nonreward and re\~ard groups were . 69 
and .54 for adults; .75 and .51 for fourth-graders.; and .38 and .11 
for young children. 
The correlations between pretests and the algorithmic and freedom 
from distractibility tests appeared to be most affected by reward. For 
the algorithmic tasks (A, r; DS or Cor AH), the correlation with the 
pretest was highly significant in the nonreward group, r = .63, 
p_ < .0001, but nearly nonexistent in the reward group, r = .14. The 
same was true for the freedom from distractibility (A, DS or C or AH) · 
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and pretest correlation; with the.nonreward grollt' correlation, E;, .63, 
p_ < . 000~, much higher than the correlation 1n the reward group, 
r = -.02. These large downward trends occurred in all three age levels. 
These correlational data suggest thgt the admri.nistration of 
reward does have a major impact on performance. Th.e intercorrelations 
between subtests were severely disrupted with the promise of reward. 
Assessment of Reward Effects 
Repeated · measures analyses of variance revealed reward to have 
had differential effects on the various subtests at the three different 
age levels. An age x reward x subtest interactioiD appeared ,when' the 
-
subscales were grouped on the algorithmic-heuristic dimension, !(2,72) 
6.71, E.< .002, by factor, !:(4,144) = 3.40, E. <.m, and by individual 
subtest, !:(10,360) = 1.89, E < .05. Figures 1, 2, and 3 indicate the 
mean scaled scores on the s1x subtests for the adults, elementary 
school students,and nursery school children respectively. 
Insert Figures 1, 2, and 3 about here 
At the elementary school level reward did not significantly 
alter subtest scores. At the nursery school level and ~th college 
students significant reward effects were present, but 1n opposite 
directions. 
In college students a significant reward x subtest interaction 
existed with the tests grouped on the algorithmic-heuristic dimension, 
!_(1,24) = 11.87, .E < .002, by factor, !_·(2,48) = 4.88, .E < .01, and 
individually, !_(5,120) = 2.73, E < .05. Reward at this age signifi-
can;tly hinders performance on heuristic tasks as revealed by Tukey 
tests, _g(2,30) = 3.51, .E < .05. Reward also appeared to .facilit::tte 
performance on the algorithmic tasks, although this difference was 
not statistically significant (see Table 1). The data on the factor 
scores indicated that reward produced a decrement on perceptual 
organization tasks, _g(2,30) = 4.62, .E < .01, appeared to facilitate 
performance on the freedom from distractibility measures, _g(2,30) = 
~.59, E < .10, but had little effect on the verbal comprehension 
tasks. Rewar'<i affected both perceptual tasks about equally, leading 
t(l )lower performance on both the Object Assembly, q(2,30) = 4.63, 
£ < .01, and the Block Design, _g(2,30) = 4.61, E < .01; whereas, the 
most significant facilitation occurred on the Arithmetic subtest, 
g(2,30) = 4.05, E. <. .01. 
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Insert Table 1 about here 
The performance decrements in the heuristic tasks were more a 
function of.increased numbers of errors than time spent on the prob..,.. 
lems. Analyses of times to completion on the Block Design subtest 
revealed no significant differences between reward and nonreward 
groups. In the repeated measures analyses, any trial that was termina-
ted due to time or any trial which was not attempted due to discontin-
uation criteria at the subtest level was given the n;aximum time allot-
ted for that trial. A second time measure was also taken~ This measure 
utilized only the Bleck Design trials which were attempted and meas-
ured the proportion of time used by the subject to the total time 
allotted for each b'ial. On this measure analyses also revealed no 
differences due to reward. 
There was, however, a significant difference ln the numbers of 
errors made by rewarded and nonrewarded adults on the heuristic 
tasks, !:{1,24) = 4.26, E. < .05. Reward subjects made significantly 
more errors on the heuristic tasks, especially on the Block Design, 
g(2,30) = 3.51, E.< .05, ·and Similarities, _g,(2,30) = 2.70, E.< .10. 
The addition of the Digit Symbol test to the analyses yields the 
suggestion of a reward x subtest interaction, !:(1,24) = 3.77, 
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E.< .07. On theDigit Symbol subtest the reward subjects made signifi-
cantly fewer errors than nonrewarded subjects, _g,(2,30) = 2.96, E. < .05. 
The data for the adults appeared to be consistent ~~ih McGraw's 
prediction of the selective effect of reward. On tasks which were 
labeled algorithmic reward facilitated performance (especially on the 
Arithmetic task) and on tasks classified as heuristic·reward led to 
performance decrements (especially on tasks in~olving perceptual 
organization) . 
The data were also consistent with the predictions stemming from 
the developmental regression hypothesis. Given that the subjects were 
matched initially on age, sex, and ability, any decline in scores on 
these IQ subtests could be interpreted as a decline in intellectual 
maturity or level of functioning. On the heuristic tasks the decline 
was not a result of differences in time spent on the items by reward 
and nonreward subjects but in differences in the numbers of errors 
these subjects made. If the error differences had resulted from the 
errors being scattered randomly between and within subscales, it could 
have been as easily argued that reward produces a general disruption 
of functioning, rather than a developmental regression. On the con-
trary, however, errors under reward tended to occur predominantly 
in the heuristic tasks, requiring greater cognitive ability, and pre-
dominantly toward the end of those subscales, requiring the higher 
level of cognitive fm1ctioning. These results give support to the 
idea that reward may produce some degree of developmental regression. 
The distraction hypothesis as proposed by Spence would appear 
to have some difficulty in accounting for the reward facilitation 
on the Arithmetic ·task found in these middle-class subjects. 
In the nursery school children the effect of reward on the al-
gorithmic and heuristic tasks was,reversed. A significant interaction 
between reward and type of task was also present, K(1,24) = 5.45, 
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E < .03, but the means indicate that reward facilitatedcheuristic per-
formance and hampered performance on the algorithmic tasks (see 
Table 1). Tukey comparisons of individual subtests indicated that the 
greatest reward facilitation occurred on the Block Desig~, g(2,30) = 
3.33, E < .05, and the greatest detrimental effect occurred on the 
Animal House subte.st, _g(2,30) = 3.01, E < .05. 
At this age, as in the adults no time differences or proportional 
time differences on the Block Design tests were found. The differ-
ences in scaled scores appear to be a function of the numbers of 
errors. In an analysis of the Animal House errors and the heuristic 
errors the sug·gestion of a reward x subtest interaction is present, 
!(1,24) = 3.81, £ < .07. For these children, the reward subjects made 
more errors on the Animal House than the nonrewarded children but 
fewer errors on the heuristic tasks, especially on the Block Design 
subtest, g(2,30) = 2.50, E < .10. 
A number of explanations can be put forward to account for the 
discrepancies 1n performance between adults and children. One obvious 
explanation is that these tasks were mislabeled as algorithmic and 
heuristic at one age level. There are distinct differences in the 
various subscales for these age groups, especially on the Animal 
House, Block Design, and Geometric Design subtests. The Animal House 
task differs in that errors are much less frequent.than on the 
Digit Symbol and the task is more manipulative. Although the task is 
supposed to be completed sequentially, it was informally observed 
that more rewarded children approached the task in a haphazard 
fashion (which does not necessarily lead to incorrect solutions). 
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This might indicate some general disruption at this age. 
The perceptual subscales are distinctly different on the WAIS and 
WPPSI. The Block Design on the WPPSI involves many more demonstrated 
trials and thus may also involve modeling abilities. The Geometric 
Design test which requires copying skills is not found at the older 
ages. Furthermore, it may be possible that tasks that draw on certain 
skills at one age level do not necessarily rely on those same skills· 
at different stages of developemnt. The factor analytic data on the 
WPPSI failed to find a di.stractibili ty factor and on this Wechsler 
scale the Arithmetic subtest appeared to load equally on performance 
and verbal factors (Hollenbeck & Kaufman, 1973). Certainly all of 
the subscale tasks involve components of both algorithmic and heuristic 
skills and the distinction between subtests in this experiemnt on 
this dimension is between what are thought to be predominantly 
-algorithmic and predominantiy heuristic tasks. 
. . ' 
This explanation based on mere mislabeling of the tasks, however, 
does not seem adequate to deal with all of the data. The McGraw 
model, however,can only apply if such is the case. Spence's distrac-
tion notion would not predict a developmental char.ge nor would it 
predict the facilitation found in the rewarded nursery schoolers. 
A number of procedural differences also existed between the 
different age groups such as the interval between the testing and 
the delivery of the rewards. Some previous research (Moran, McCullers, 
&.Fabes, 1978) suggests that subjects promised reward under a variety 
of procedures performed similarly regardless of the procedures used, 
thus reducing the possibility that the results are only a function 
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of procedural variations. 
The data are consistent with the suggestion that·reward leads to 
regression, which means that at younger ages reward leads to more 
diffuse responding. It was suggested that diffuse responding might 
hinder algorithmic solutions and favor heuristic problem-solving. The 
effect of regression may be a function of the stage of development. 
Development, as envisioned here, is progressing from diffuse to differ-
entiated, mid from rigid to flexible with some organization and inte-
gration occurring with each progression. This notion appears to be 
consistent with the data for the college students and nursery school-
ers and suggests that the elementary school children (for whom no 
significant reward effects were found on the subtests) might be in 
transition from one tyPe of functioning to another. 
The Importance of Initial Ability 
One difference that clearly existed between the young children 
and the students at the older age levels in this study was in the ini-
tial ability of the group. All of the nursery schoolers were of high 
ability, which is not surprising given the subject population, and 
subjects at the other ages levels reflect both high and medium abili-
ties. The pretest mean for the young children was higher than the 
means at the other two age levels (24.47 vs. 22.40 and 21.12 for the 
g~ye~r~olds, 10-year-olds, and 18-year-olds respectively). It.was thought 
that. the·:initial ability of the subject might be a crucial determinant 
of the effect of reward and subsequent analyses showed this to be 
the case. 
Subjects at each age level were separated into higher and lower 
ability groups, v1a a median split within each age x reward x sex of 
subject x experimenter condition. Some overlap occur~ed in the higher 
and lower ability groupings but sex of subject and experimenter re-
mained controlled. Analysis of the pretest scores showed that this 
type of division resulted in two significantly different subject 
populations at each age level (~(1,30) = 26.87, E.< .001, ~(1,30) = 
44.22, E < .001, ~(1.30) = 23.10, E < .001, for the adults, fourth-
graders, and nursery school pupils respectively). For the adults this 
resulted in a medium ability and a high ability group (means of 19.94 
and 22.31 respectively). For the fourth-graders, an.·.average and a 
high ability group also were formed with pretest means of 20.25 and 
24.56. With five-year-olds, however, both groups tTere of high ability 
(means of 22.31 and 26.62). 
A repeated measures analysis of variance at the nursery school 
level revealed no significant effect due to initial ability on sub-
scale performance. This appeared to be the result of the fact that 
all of the children were above average and some discrimination was 
lost. It was only in the two older age levels that the subjects in the 
high ability group performed significantly better than the subjects 1n 
the lower ability group, ~(1,28) = 8.09, E < .01 for the adults and 
~(1,28) = 5.44, E < .03 for the fourth-graders. As a result of these 
analyses the elementary students and adults were classified into 
high ability and average ability groups. Failure to find significant 
performance differences in the nursery school children following the 
median split was seen as justification for grouping all of these chil-
dren into a single high ability group. In the two older age levels, 
in1tial ability seemed to be an important variable (see Table· 2). 
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Insert Table 2 about.here 
Analysis of the elementary school data revealed a significant 
subtest x reward x ability interaction on the algorithmic-heuristic 
dimension, !(1,28) :::: 4.47, E < .05. From the mean data presented in 
Table 2, it can be seen that reward had little effect in the average 
ability subjects and in the high ability subjects on the heuristic 
tasks. On the algorithmic tasks, however, reward produced a perfor-
mance decrement in the high ability students. This performance decre-
ment is consistent with the findings for the nursery schoolers and 
college students. No significant ability x reward interactions were 
found in the ten-year-olds in the comparisons of individual subtests 
and scales grouped by factor. 
Analysis of the college data for the algorithmic and heuristic 
dimension in the college students revealed a significant reward x 
ability interaction, !:(1,28) = 4.50, E < .05, and a nearly significant 
subtest x reward x ability interaction, !(1,28) = 4.05, E. < .06. 
'Iable 2 displays these interactions clearly. High ability subjects 
showed a decrement due to reward on the algorit~~ic tasks but an even 
larger performance decrement on the heuristic subscales, _s(4,28) = 
3.-82, E. < .10. Average ability adults, on the other hand, displayed 
only a slight and nonsignificant decrement on the heuristic tasks and 
a significant reward facilitation on the algorithmic tests, _s(4,28) = 
4.88, E.< .01. Analyses of the factor and individual subscale data 
further reveal that in the high ability college students a significant 
performance decrement in the reward group occurred on the perceptual 
23 
organization factor, g(4,28) = 4.93, E.< .01, and on the Block Design 
subtest, g(4,28) = 4.27, E.< .05. In addition, a significant perfor-
mance increment in the average ability reward subjects occurred on 
the freedom from distractibility subtests, g(4,28) = 6.68, E.< .01, 
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and on the Arithmetic subtest, g(4,28) = 6.52, E.< .01. On this latter 
test the mean difference between the reward and nonreward lower ~pj_Jj.ty 
-~vbjects: was 3. 63 scaled score points and the performance of the 
medium ability reward subjects was nearly one point higher than that 
of the high ability nonreward students, and more than 1.5 points 
higher than the performance of the high ability reward subjects. 
The data appear to indicate that for average ability subjects, 
reward may lead to a slight decrease.in performance on the heuristic 
tasks at all age levels. On the algorithmic tasks no significant 
reward effects were found for average ability fourth-graders but 
reward led to significant facilitation in the average ability adults. 
In high ability subjects reward leads to a performance decre-
ment on the algorithmic tasks at all age levels. With high ability 
subjects, the administration of reward on heuristic tasks resulted ln 
facilitation of p:er.formamre· in the young child, had no effect in 
fourth-graders, and impaired performance in adults. 
Within the context of the McGraw model these results can only 
partially be explained. In general, the classification of tasks as 
algorithmic and heuristic would need to be restructured. All of the 
tasks at the adult level need to be classified as heuristic. The 
algorithmic tests for high ability students would also be seen as 
attractive (a combination which would predict a detrimental effect of 
reward) but for average ability adults these tasks, especially the 
Arithmetic test, would be seen as aversive, thereby resulting in 
facilitation under reward. This model would need to relabel the task 
at each age level to properly account for the data. Perhaps the skill 
requirements for classification as an algorithmic or heuristic task 
need to be clarified in this model so that mislabeling of tasks 
would not occur. 
2.5 
These data might be incorporated perhaps more easily into a devel-
opmental regression model, although this post hoc reasoning is highly 
speculative. If development proceeds from diffuse to differentiated, 
from rigid to flexible, and toward hierarchic integration and organi-
zation, the more mature individual should respond with more flexibil+~ 
ity and stability. It might be hypothesized that at any age level, 
high ability individuals possess a greater ~!maturity" than average 
ability individuals. Any developmental regression in high ability 
individuals would lead to greater disruption in cognitive organiza-
tion and so to greater performance decrements, than in lower ability 
individuals. 
It might also be hypothesized that regression 1n young children 
leads more to diffuse responding that facilitates heuristic tasks 
but produces a detrimental effect on algorithmic tasks. For high 
ability adults (highly developed organisms) any regression would pro-
mote a breakdown in cognitive organization and thus be detrimental on 
most types of tasks. With lower ability adults, however, without 
highly developed integration, regression may foster more rigid 
functioning and thus be facilitative on algorithmic tasks but hamper 
heuristic problem-solving. The situation for the intermediate devel-
opmentaL level of fourth-graders is more complex. Perhaps some of 
these children may be functioning in a manner similar to younger 
children under some conditions but similar to adults under others. 
Nonetheless, high ability older children would still be expected to 
show some disruption in integration, and thus regression due to reward 
should be detrimental. It is possible that since algorithmic func-
tioning is of a lower order, than heuristic reasoning, that organiza-
tion of these skills would precede heuristic organization. Depending 
on the age of the phildren, both higher and lower ability children 
would be expected to operate in a rigid fashion under regression. If 
so, this should increase their ability to solve algorithmic problems 
but hamper heuristic problem-solving capacities. 
With a few exceptions, mostly in the elementary students, the 
data presented here for reward and nonreward, high and average ability 
students would fit this regression model. These hypotheses present 
only the beginnings of a more comprehensive model to explore the 
notion that reward may cause developmental regression. 
Sex of Subject and Experimenter Effects 
In this study, the aim was to observe the effect of reward with 
sex of subject and experimenter differences serving as control vari-
ables. Some significant differences on these variables were found 
and these will be presented briefly without much elaboration. 
At the nursery school level a significant sex of subject effect 
was found, !(1,24) = 6.31, E < .02, with females scoring higher than 
males on all of the subtests. With all age levels in the analysis, 
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this same trend was evident, !(1,72) = 3.83, £ < .06. The subtest for 
which this sex difference was most pronounced was the.Digit Symbol 
{Coding, Animal House) task, g(2,94), p < .01. The specific compari-
"" -
sons also indicated a significant sex x subtest interac~ion with the 
adults, !(5,120) = 4.90, £ < .001. Adult sex differences were most 
pronounced on the Digit Symbol task on which females performed better, 
g(2,30) = 4.69, £ < .01, and on the Arithmetic subscale on which 
males outperformed females, g(2,30) = 2.78, £ < .10. No significant 
reward x sex interactions were found in the analyses of subscale 
scores. 
'Experimenter effects are somewhat difficult to interpret due to 
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a confounding of sex of experimenter with individual exam1ner effects.· 
In addition,·in the complete age x reward x sex of subject x experi-
menter design (3 x 2 x 2 x 2) there were only four subjects per cell 
and these were not matched within the experimenter variable. 
Overall a significant effect was found, !(1,72) = 5.83, £ < .02, 
and this effect was most pronounced at the nursery school level, 
f{1,24) = 4.49, £ < .05. Subjects tested by the female experimenter 
scored higher overall than subjects tested by the male exam1ner. A 
reward x experimenter interaction also was found in the nursery 
school data, !(1,24) = 5;18, £ < .04. This most likely was due to a 
significant reward x experimenter pretest difference for this group, 
!(1,24) = 6.52, £ < .02. In this interaction, the facilitation 
caused by reward on the heuristic tasks came mostly from subjects 
tested by the female experimenter and the detrimental effect on the 
algorithmic tasks was predominantly a function of subjects tested by 
the male experimenter. 
Overall these results are somewhat consistent with the findings 
of other researchers. Some studies have shown that young children 
perform better on the WISC with female examiners (Bradbury, Wright, 
Walker, & Ross, 1975; Quereschi, 1968). These findings might be 
extended to the findings in this study with the WPPSI. In addition, 
Quereschi (1968) found that females scored higher than males on the 
Co~ing task which also coinCides with the present findings. The 
finding by Bradbury, et al., ( 1975) that males consistently scored 
higher than females, on the other hand, would not be consistent 
with the findings here. 
Conclusions and Implications 
This study provided further evidence that reward, offered in 
relatively paltry amounts, can have a detrimental effect on intellec-
tual functioning. No significant effects of reward were fmund on 
overall intellectual p~rformance but finer analyses revealed reward's 
complex impact. On tasks that were identified as "algorithmic", 
reward resulted 1n lowered performance among high ability sJ;udents at 
·all age levels (5-, 10-, and 18-year olds). Average ability adults, 
however, who received reward performed better on these tasks than 
nonrewarded subjects. On !'heuristic" tasks, reward had a detrimental 
effect on the performance of college students, little effect on 
fourth-graders, and facilitated the performance of nursery school 
children. 
'The discovery-of a detrimental effect of reward on intelli-
gence tests is noteworthy. Some X1e.g., O'Conner & Weiss, 1974) have 
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argued that the use of extrinsic incentives is one way to equalize 
motivational differences in the assessment of intelligence. This 
argument, however, would appear to have some serious weaknesses. The 
use of rewards, first of all, would appear to alter the validity of 
the test, and also this position attributes only motivational 
properties to extrinsic reward. 
The notion that reward may also cause developmental regression 
was explored in this paper. Although this hypothesis has been 
suggested before (Lewin, 1954), it has not enjoyedmuch scientific 
acceptance or empirical support and the idea runs counter to the 
concept of reward prevalent in today's society. Why reward should 
produce regression 1s still an open question. Perhaps it is bound 
up in some way with evolutionary survival. 
The search for an explanatory mechanism for the detrimental 
effect of reward needs to continue. The parameters of reward need 
serious evaluation and attention to the circumstances in which rewards 
and extrinsic incentives lead to lower quality performances should 
be of interest to us all and especially to educators. The develop-
mental regression model, coupled with the McGraw algorithmic-
heuristic model, would appear to serve as a good starting point for 
the search for an explanatory mechanism. 
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Table 1 
Mean Algorithmic-Heuristic Scores for 
Rewarded and Ni.mrewarded Students 
Group Algorithmic Heuristic 
College 
Nonreward 33.00 36.25 
Reward 34.69 32.69 
Elementary 
Nonreward 32.81 34.81 
Reward 30.94 34.00 
Nursery 
Nonreward 37.88 33.62 
Reward 35.94 35.81 
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Table ·2 
Mean Algorithmic-Heuristic Scores for 
Rewarded and Nonrewarded Students 
of High .and Average Ability 
Group Algorithmic Heuristic 
High Ability 
College 
Nonreward 36.25 38.25 
Reward 33.88 33.75 
Elementary 
Nonreward 35.25 37.62 
Rewand . 30.88 38.38 
Nursery 
Nonreward 3T-88 3;3.62' 
Reward 35.sM· 3$"'81 
Average Ability 
College 
Nonreward 29.75 34.25 
Reward 35.50 31.62 
Elementary 
Nonreward 30.38 32.00 
Reward 30.25 ·29. 50 
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Figure Captions 
Figure 1. Mean scaled scores on individual subtests for rewarded 
and nonrewarded adults. 
Figure 2. Mean scaled scores on individual subtests for 'rewarded 
and nonrewarded fourth-graders. 
Figure 3. Mean scaled scores on individual subtests for rewarded 
and nonrewarded nursery school children. 
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This review will center on two major areas: the consideration of 
IQ test administration under incentive conditions and· theoretical 
models attempting to account for the detrimental effects of reward. 
The present study appears to offer significant contributions to both 
these research areas. 
IQ Test Administration Under Incentive Conditions 
Introduction 
Intelligence testing has stirred a great deal of controversy 1n 
recent years. Questioning the concept of "IQ", psychologists and 
educators have focused on problems ranging from the very nature of 
intelligence to factors within the testing setting. One view proposes 
that the IQ score is subject to a variety of situational influences 
and thus 1n any one test setting the score may not accurately re-
flect the examinee's true ability. One extremist posi"tion suggests 
that intelligence is such a nebulous entity that it cannot adequately 
be assessed. IQ testing is conceived of as inaccurate and even dan-
gerous by proponents of this position. 
Such an extreme judgment, however, is not typical. A more temper-
ate position concludes that the IQ test does hot accurately measure 
ability in all situations. This position does not deny the concept 
of intelligence nor does .it deny that the intelligence test can tap 
that ability. Rather, this position holds that for many subjects the 
abilities assessed by testing are not equivalent to the full range 
or capacities of abilities of the individual. Associated with this 
position is the belief that through manipulation of the various 
situational :factors surrounding intelligence testing the "true" 
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intellectual capacities of the individual may be uncovered. Although 
these are but two of the many positions and viewpoints that have 
emerged from consideration of intelligence tests, they offer a point 
of reference for discussing the effects of rewards in intelligence 
testing. 
The majority of the research that has used incentives with mental 
testing has, in one way or another, been concerned with possible 
motivational differences between socioeconomic or racial groups. The 
interest in these specific groups of subjects stems from studies 
which show significant differences between these groups and the 
test norms and/or society at large (see Jensen, 1969). The basic prem-. 
ise behind much of this research is that IQ scores can be raised 
through the use of incentives. This notion is consistent with the more 
temperate position outlined above. It can be reasoned, for exarr.ple, 
that an observed difference in scores between children from differing 
socioeconomic strata is but an artifact of the test materials or 
situational variables within the test setting. Those who subscribe 
to this view assume generally equal intellectual capacities in all 
people and attribute observed intellectual differences to differences 
in motivation or similar variables. Thus, if one equalized motiva-
tional levels, group dif~erences in test scores would di~appear. 
Testing Considerations 
Before consideration of the research findings relevant to this 
question, it may help to explore some reasons why the issue of 
test alteration is so important. 
Intelligence testing generally· requires standardized adminis-
tration. Test manuals warn the examiner that to stray from the 
standard instructions brings the validity of the test· into question. 
The very first sentence in the chapter entitled "General Testing 
Consideraticr:s" in the WAIS Manual reads: "The administration 
should conform carefully to the directions in this Manual" 
(Wechsler, 1955, p. 26). Furthermore, Wechsler states that "the 
procedures.described here were designed to yield an accurate estimate 
of mental ability, were thoroughly pretested in the development of the 
sclae and ... valid results from the use of the WAIS depend at least 
in part on adherence to the established directions" (p. 26). 
rerman and Merrill (1972) likewise begin the Stanford-Binet Manual 
by stating that, "it cannot be too strongly emphasized that unless 
standard procedures are followed the tests lose their significance .•.. 
i1esults are valid for the specific established normative conditions 
and not otherwise" (p. 47). 
Two crucial issues emerge from these:statements. First, a large 
number of psychologists, especially those who adhere to the motiva-
tional deficit model of test performance, would take issue with 
Wechsler's proposal that his procedures "yield an accurate estimate 
of mental ability". The major argument of this group is in fact 
just the oppposite: due to problems in motivation, the standard 
procedures do not reflect the true mental ability of a large 
group of individuals. 
However, the possibility exists that alteration of the testing 
procedures, as perhaps s_uggested.~ by the motivational deficit group 
could affect test validity. Thus, with alterations in the testing 
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procedure, we may no longer be assessing "intelligence" as defined 
by the creators and users of the specific test in question. If this 
is true, then the use of incentives with an intelligence test 
may alter the test to such an extent that comparisons with norms 
and performance under standard conditions cannot appropriately be 
made. The truth of this notion, however, has been neither supported 
nor refuted, nor can it be without restandardization of the tests 
under incentive conditions. Although this problem is not to be 
resolved in the present research, the reader:· should bear this point 1n 
mind. din considering the experimental findings. 
A second issue is that the standard conditions themselves do 
not entirely avoid incentives. Indeed, they are somewhat liberal 
with respect to verbal praise, within certain limits. The primary 
task of the examiner is to estaolish rapport. According to Wechsler 
(1974), the accomplishment of this task has the effect of "making 
the testing experience satisfying to both child and examiner" (p.55), 
and helps to "obtain the subject's cooperation and maintain his 
motivation" (Wechsler, 1955, p. 29). Rapport and motivation can 
also be maintained at an optimal level "in many subtle, friendly. 
ways: by an understanding smile, a spontaneous explanation of 
approval, an appreciative comment, or just the quiet understanding 
between equals" (Terman & Merrill, 1972, p. 51). Terman and Merrill 
;(:1972) :n.ake it a point to state that ''it is effective to praise 
frequently and _generously" (p. 51). Standardized testing, with the 
possible exception of group-administered tests, is far from being 
rote or impersonal and the verbal support and encouragement of 
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the exam1ner are sprinkled throughout the session. 
Strict guidelines and limits on the examiner's remarks do exist, 
however! Wechsler (1955) clearly states that: "it is not appropriate 
to make such a remark as, .,'That 1s right~ , following a response, 
since a subject may then expect to be informed about the accuracy 
of his other responses and interpret no comment as an indication 
oft failure'' (p. 29). This dictate is echo~d l:)y Terman and Metdll 
(1972) in the Stanford-Binet Manual: "The examiner should remember ' 
that he is giving approval for effort rather than success on a 
particular response·., To praise only successful responses may 
influence effort in succeeding tests" (p. 51). Robb, Bernardoni, 
and Johnson (1972) more clearly set the limits by stating that: 
"it is not advisable to offer a 'bribe' or incentive of some sort 
to effect cooperation" (p. 185). 
Issues Concerning Reward on Intelligence Tests 
In general, the standardized test considerations imply that 
positive reinforcement, in the form of verbal praise, 1s necessary 
but only to encourage effort and not to provide feedback as to 
the correctness of the response. Furthermore, no dissatisfaction 
with the examinee's responses should be expressed, no matter how 
subtly, by the tester. 
Three major concerns emerge from the emphasis on standard prac-
tices and rapport establishment. These deal with thepr.oblems of 
contingent reinforcement of the test items, nonreinforcement or 
punishment of responses, and optimal motivational levels. 
In dealing with the problem of contingent reinforcement, the 
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Stanford-Binet Manual reads as follows: "Praise should seldom be 
given between items which are part of a particul&r subtest, but 
should be withheld until all of the items have been given in order 
not to encourage persistence ln an inferior type of response" 
(Terman & Merrill, 1972, p. 51). Likewise, it is probably just as 
important not to encourage any specific type of response and 
especially not to infuse the tasks with a learning component. The 
intelligence test attempts to tap the child's abilities on a 
particular set of tasks. By creating a learning paradigm within the 
task through the use of contingent rewards, the nature of the 
task will be considerably altered and perhaps test validity will 
be lost. 
Wechsler (1974) expresses concern about problems associated 
with punishment and nonreinforcement. In the WISC-R Manual, 
Wechsler (1974) states that, "in no instance should dissatisfaction 
be shown with any response the child has given; nor should the 
child be led to expect approval for correct responses so that 
no comment might be interpreted as disapproval" (p. 56). Stevenson 
(1972),in reviewing the literature on children's learning, con-
cludes that "although nonreinforcement may facilitate perfor-
mance in simple performance tasks, it may interfere with learning 
in more complex problems" (p. 205). Thus, nonreinforcement may 
also alter the nature of the intelligence test since nonreinforce-
ment might differentially affect the subject's responding, depending 
on the complexity of the task. In addition, nonreinforcement 
may alter the child's motivational level on the intelligence 
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test itself. 
The maintenance: of optimal motivational levels presents the 
third concern in.looking at the standardized procedures. In 
instructing examiners on the administration of the Stanford-Binet 
scales, Terman and Merrill (1972) emphasized that "to elicit the 
subject's best efforts and maintain both high motivation and 
optimal performance level throughout the testing sess1on are the 
sine qua~ of good testing (p. 50). This issue has been at the 
c~nter of most of the research on the effects of incentives on' 
intelligence test performance. Because a high motivational level 
and optima~ performance are assumed to go hand in hand, a contro-
versy has centered around the methods by which high motivation 
is ensured. The standardized test procedures assume that the 
establishment of rapport will be adequate. However, some investi-
gators question whether good rapport alone will ensure an optimal 
motivational level in all children. For··example, Kubany (1971) 
and O'Conner and Weiss (1974) have suggested that the use of extrin-
sic incentives may be one method to attain high motivational 
levels in all subjects. 
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The next section of the paper will address itself to the research 
findings on the use of rewards with intelligence tests~ Much of 
this research was concerned with attempts to answer the motivational 
question. The research, however, as we shall see, has not been 
limited to that question but has also concerned itself with the 
more general effects of reward. 
Research Findings on Reward and Intelligence Tests 
Attempts to summarize the research on the effects of incentives 
on intelligence testing are made difficult by the numerous pro-
cedures and scales that have been employed. Researchers have used 
a variety of tests, ·types of incentives, and modes of reward admin-
istration, and a wide range of subject populations. As a result, 
few clear and consistent patterns emerge from the data. 
Previous reviews of the literature have constantly underplayed 
the effects of incentives and other modifications in procedure. 
Kirkland (1971) and Cronbach (1970), commenting on the susceptibility 
of intelligence tests to situational variables, both conclude 
that the addition of simple incentives does not appreciably alter 
intelligence scores. Sattler and Theye (1967) agree but qualify 
that conclusion by noting that specialized groups composed of aged, 
disturbed, or reta~ded subjects tend to be affected by departures 
from standard procedure, although these authors do not specifically 
mention extrinsic incentives. Most of the earlier reviews, however, 
were based on a very few studies involving rewards. Since then, 
during the past decade, a number of studies have been conducted 
d:lrectly on this question. 
Some studies that promised reward to the subject for improved 
performance found that reward did have some impact on measures of 
intelligence and ability. Several of these studies, however, dealt 
with achievement tests and several others included social or peer 
group influences. 
Dickstein and Ayers (1973), with female college students of high 
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ability, obtained facilitative effects due to rewards on over·all 
Performance IQ and on the Object Assembly subtest of the WAIS. These 
researchers promised each subject one dollar if she scored in the 
top five of those taking the test thus incorporating some social 
competition with the material incentives. An a:t;tempt to re<pliG.a,.te 
these findings, however, produced conflicting results. Moran, 
McCullers, and Fabes (1978) found reward to be detrimental to per-
formance on.the Object Assembly, Picture Arr.fiDgement, and Block 
Desigv subtests of the WAIS for female college students. Higgins 
and Archer (1968), in a published paper based on the dissertation 
of the first author (1967), reported that promising subjects of 
low socioeconomic status a class party, bus trip, or movie passes, 
raised their s.cores on the Cattell Culture-Free Intelligence Test. 
This result was not obtained with children from higher socio-
economic brackets. The prize, in this case, was also of a social 
nature rather than purely individualized, and peer pressure (e.g., 
"you kept us from getting the prize") might have been a factor. Two 
other studies (Burt & Williams, 1962; Tuinman, Farr & Blanton, 
1972) using a chi evernent tests with older children found facilitative 
effects of a promise of reward for increased performance. Benton 
(1936), however, failed to find any reward effects after promising 
7th and 8th graders prizes on the Otis Self-Administering Test. 
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A study by Maller and Zubin (1932) using the National Intelli-
gence Scale, is interesting in that these researchers found both facil-
itative and detrimental effects of reward. Maller and Zubin found that 
on tests of "speed", the promise of reward enhanced performance. 
However, on tests of "analysis or power'l (as they referred to them), 
the effect of reward was in the opposite direction. These authors 
used "rivalry" as the incentive and only children who improved their 
rank in the class on the second testing were to receive the prize. 
A nUmber of studies have used immediate (trial by trial) ·and 
contingent rewards with a variety of intelligence tests but the find-
ings have not been very consistent. In general, few studies have 
found any facilitative effect of material reward on IQ test perfor-
mance with middle- and upper-class subjects; whereas the data with the 
low socioeconomic, low ability, or special population subjects suggest 
that reward might ·enhance performance 1n some situations. 
Data is available on middle-class subjects for a variety 
of tests. The St~ford~Binet has been used in conjunction with con-
tingent rewards with first-graders (Clingman & Fowler, 1975), third-
graders (Tiber & Kennedy, 1964) and other elementary school children 
(Klugman, 1944) but no differences between reward and standard instruc-
tion groups were found. Fast (1967) found that middle-class subjects 
·(5th and 6th graders) under reward performed aQout the same as non-
reward subjects on the WISC. Lyle and Johnson (1973), limiting their 
study to the WISC Coding task, found similar results in 7- and 8-year-
o~ds. In a related study, Hanson (1972) found that material reward, 
praise, or symbolic feedback did not alter scores on the Metropililitan 
Achievement Tests administered to primary school age children. 
Researchers have noted that lower- and middle-class children 
react to reward in different ways (e.g., Terrell, Durkin, & Wiesley 
1959). Others have questioned the basic assumption of the IQ test 
fi1 
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concerning maximum motivation for all groups (Sweet, 1970; Tiber, 1963; 
Wienges, 1972) and have anticipated social class differences on IQ 
tests under reward administration. 
For the most part, studies involving both lower- .and middle-
class individuals tend to show a facilitative effect of reward (if 
indeed an effect is found at all) only with the lower-class subjects. 
Wienges ( 1972) used aD abbreviated form of the WISC and found low 
socioeconomic children, when given feedback (either material or 
verbal) raised retest scores nigher than did similar children in 
a standardized instruction condition. With middle-class children, 
retest scores were similar in all three conditions. Sweet and 
Ringness (1971) also found this to be the case for white lower-class 
children in elementary school on the WISC Verbal Scale. These 
investigators, however, not only failed to find differences in feed-
back conditions for middle-class students but also for low socioeco-
nomic black students.,.A·.study by Sandy clouds the issue even 
further, Sandy found that kindergarten children, regardless of socio-
economic background, failed to show increases in performance on the 
Pdcnter·-Cwmingham Primary Test with the use of material rewards. 
Studies with only low SES groups also yield conflicting results. 
Edlund (1972) found that lower-class first graders, given contingent 
tangible incentives (candy) did better on the Stanford-Binet than 
children with standard procedures. Zontine, Richards, and Strang 
(1972),. workihg with 8-year-old indigents, found that reward had ncr 
effect on IQ testing with the Peabody Picture Vocabulary Test scores; 
.and Quay (1971), using 4-year-old Headstart children, obtained the 
same result with the Stanford-Binet scales. 
Several studies of special population groups generally found 
support for the contention that reward will improve performance. 
Mellen's ( 1969) case study of a "retarded" girl showed that she was 
capable of performing much higher on the WISC under reward conditions. 
Husted, Wallin, and Wooden (1971) also found vast improvement on IQ 
tests with reward using profound retardates and the Cattell Infant 
Scale. Trainable reardates under a token system, also showed im-
provement on the Metropolitan Readiness Test (Ayl,lon & Kelly, 1972). 
Clingman and Fowler (9176), in attempting to reconcile many of 
these conflicting findings, have hypothesized that the crucial varia-
ble is not socioeconomic status but rather level of ability. In their 
study, with first- and second-grade children only the low ability 
children improved scores on the Peabody Picture Vocabulary Test 
under contingent reward conditions. 
Summary and Conclusions 
The end result of a consideration of much of this research is 
that ft has produced few consistent and reliable findings. In general, 
for middle-class subjects there is little evidence that reward facili-
tates perfprmance on intelligence tests. For lower-class subjects, 
however, the evidence yields conflicting results; sometimes reward 
leads to increased s·cores and sometimes it does not. For retarded 
subjects, there does seem to be a tendency for reward to facilitate 
performance but only a few studies have been conducted in this area. 
Even when significant differences are found between reward and 
~tandard instruction groups, the magnitude of the differences are 
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usually much less than the test-retest differences. In the Higgins 
(1967) and Tuinman, et al., (1972) studies, for example, the retest 
differences were two to three times larger than the between group 
differences. This would suggest that reward facilitation, when found, 
1s not that impressive. Also, in most cases the increase in scores due 
to reward administration was not sufficient to appreciably reduce 
class or racial differences. 
If we were merely interested in raising the iQ score of an indi...,, 
vidual, reward procedures might be advantageous. Even so, we would be 
creating an artificial situation that might affect the validity of the 
test. lnformation gleaned from an intelligence test is not simply 
reflected in a single score but encompasses an entire range of behav-
iors and responses within this particular setting. 
However, given a more general scientific interest 1n the rela-
tionship between reward and intelligence, the importance of the 
observed behaviors under these conditions could be better understood. 
Most of the researchers appear to have focused on the single IQ score 
and have attributed only motivational properties to reward. Maller 
and zubin's (1932) article, however, compartmentalized the different . 
. skills involved in intelligence and showed the reward had a differen-
tial effect on different types of subtests. This type of analysis 
appears to be important in light of the research on the .effect of 
reward on other cognitive processes. 
Theoretical Models for Reward's Detrimental Effect 
Introduction 
Offering a prize or money to children and adults can alter task 
performance. The administration of reward does not, however, change 
behavior in a consistent and uniform fashion .. Under some circumstances 
reward facilitates performance, w1der others there is no change, and 
in still other cases the administration of reward seems to impair 
performance. 
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As yet no single model for predicting the detrimental effect of 
reward has been adequately tested. The search for an adequate theor-
etical explanation for this phenomenon has only just begun. The detri-
mental effect that reward may have on performance has been demon-
strated numerous times since researchers first became aware of this 
phenomenon (Glucksberg, 1962; Haddad, McCullers, & Moran, 1976; 
Kruglanski, Friedman, & Zeevi, 1971; Lepper & Greene, in press; Masters 
& Mokros, 1973; McCullers & Martin, 1971; McGraw, 1978; McGraw & 
McCullers, 1974, 1976; Miller & Estes, 1961; Moran, McCullers, & 
Fabes, 1978; Spence & Dunton, 1967; Spence & Segner, 1967; Staat & 
McCullers, 1974; Terrell, Durkin, & Wiesley, 1959; Viesti, 1971). 
These studies find superior performance by nonrewarded subject? 
on a variety of tasks including problem-solving, concept identifica-
tion and concept attainment, functional fixedness, creativity tasks, 
perceptual recognition, probability learning, discrimination learning, 
and verbal learning. For the most part, research in this area 
has focused on the mere demonstration that such an effect actually 
exists. Perhaps this is not surprising given psychology's long history 
of concentrating only on the positive aspects of reward. The task of 
developing a good theoretical model should prove both exciting 
and critical to our understanding of reward. 
Traditional Models 
McCullers (in press) has attempted to examine the detrimental 
effects of reward in relation to some traditional motivational and 
learning theory models such as those proposed by Yerkes and Dodson 
(1908) and Kenneth Spence (1956). McCullers notes that both of these 
theories predict an enhancing effect of reward on simple tasks and a 
detrimental effect of reward on complex tasks, but for different 
reasons. The Yerkes;-Dodson law suggests that the administration of 
reward might raise the motivational level beyond an optimal point 
thereby disrupting behavior and leading to a performance decrement. 
The Hull-Spence formulation and prediction stems from an increase in 
incentive motivation which causes the most readily available responses 
to be elicited. In simple tasks it is these available responses that 
are correct, whereas in complex tasks (by their very definition) 
available responses lead to errors. 
Although these theoretical P,Ositions, which are products of 
animal laboratories, may be able to cope with some of the findings 
concerning the detrimental effect of reward on children and adults, 
McCullers suggests that it is questionable whether they can be modi-
fied to adequately deal with all of the data. 
Several other hypotheses have been proposed 1n recent years. 
Three of these hypotheses directly deal with the detrimental effects 
of reward on performance: the distraction hypothesis suggested by 
Janet Spence (1970, 1971), the algorithmic-heuristic model proposed 
by McGraw (in press), and a developemtnal regression notion based on 
the work of Werner and Lewin (Moran, McCullers, & Fabes, 1978). 
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The Motivational Model 
A fourth model deals with a decline in performance under reward 
as a function of motivational decrements (Lepper & Greene, 1975; 
Lepper, Greene, & Nisbett, 1973). 
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This latter line of reasoning has focused on decrements in intrin-
sic motivation that occur following the administration of extrinsics 
incentives (reward). The major concern of these researchers has been 
the effect of reward on subsequent interest in the task. An extension 
of this model has been made to performance decrements as well (Kruglan-
ski, Friedman, & Zeevi, 1971). In this case, which;_,used noncontingent 
reward, it was postulated that a decrease in intrinsic motivation 
would adversely affect the quality of performance. This motivational 
explanation seems to imply that the adminstration of extrinsic 
incentives cannot ~override any decrease in intrinsic motivation, and 
that intrinsic motivation is superior to extrinsic motivation -in 
terms of quality of performance. ,This work, however, does provide the 
best contribution thus £ar toward understanding the adverse properties 
of reward. The main concern of this paper, however, 1s to focus on 
per>formance decrements due to reward and several other hypotheses 
must be 'considered that deal specifically with this issue. 
The Distra¢tion M6del . 
In Janet £p~nQets model, reward is delivered irnnrediately and 
accumulates before the subject. The rewarded subject is presumably 
distracted from the task at hru1d and thus performs less well than 
subjects. who receive no material rewards. This model centers primarily 
on attention, assuming that the inferior performance of the reward 
group results from reward distracting their attention from the task 
stimuli. Evidence for this model was found in several discrimination 
learning studies (McCullers & Martin, 1971; Miller & Estes, 1961; 
Spence & Dunton, 1967; Spence & Segner, 1967; Terrell, Durkin, & 
Wiesley, 1959). Further research, however, has brought the distraction 
notion into question. Spence conceived of distraction in a quite 
literal sense, i.e~, the physical presence of the accumulating 
rewards. Recent studies have shown that a detrimental effect of reward 
can occur even without the physical presence of reward (McGraw & 
McCullers, 1976; Moran, McCullers, & Fabes, 1978). The distraction 
model perhaps could be extended to cover "mental" distraction that 
stems from the mere thought or expectation of reward. Yet this model 
as it stands lacks the capacity to handle the detrimental effects of 
a promise of reward or any facilitating effects of reward. 
The Algorithmic~Heuristic Model 
The McGraw model makes the distinction between algorithmic tasks 
(requiring rote skills and memory) and heuristic tasks (requiring 
organizational skills). The solution to an algorithmic task is 
straightforward and well-rehearsed, whereas discovery and insight 
are the characteristics of solutions to heuristic problems. It is 
only on the latter type of.task that reward has been shown to have a 
consistent detrimental effect, and then only if the task is also 
attractive (i.e., intrinsically motivating). On tasks that are 
either aversive or algorithmic reward tends to be facilitative. 
McCraw speculates that reward may focus the subject such that 
material perceptually and cognitively peripheral is no longer 
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available serving to reduce the influence of alternate responses. 
This aids in the solution of algorithmic tasks but is detrimental 
to heuristic problem-solving. 
The McGraw model is the product of an extensive and re.cent 
literature search and may offer the best predictor of the effect of 
reward, as a function of task demands and task attractiveness. The 
model has some research support (McGraw, 1978; McGraw & McCullers, 
1974, l976; Moran, 1975; Moran & McCullers, 1978; Moran, McCullers, 
& Fabes, 1978) but it has yet to undergo an adequate empirical 
verification of the full model or to offer an adequate theoretical 
basis for the empirical predictions that it makes. 
The Developmental Regression Model 
A fourth proposal for dealing with the effect of reward on 
performance, proposed in an unpublished paper by Moran, McCullers, 
and Fabes ( 1978), involves deve.lopmental regression concepts based 
on the work of Werner (1948, 1957) and Lewin (1935, 1954). 
Developmental regression has been utilized by a number of devel-
opmental theorists and thus is a well-known concept. Werner's (1948) 
orthogenetic principle suggests that: "whenever development occurs 
it proceeds from a state of relative globality and lack of differen-
tiation to a state of increasing differentiation, articulation and 
hierarchic integration" (p. 126). Regression, then involves a 
change in a direction of5pOsi te 0t.o that which is characteristic of 
d~velopment; a change in the direction of the more primitive and 
undeveloped state, toward dedifferentiation and ~:lisorgan_izatiq:p. · 
Werner, in looking at perceptual organization, reports evidence 
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for regression via tachistoscopic presentation of stimuli (see 
Werner, 1957, for a discussion of this work). Lewin (1954) suggests 
that regression may be a byproduct of sickness, frustration, 
insecurity, or emotional tension. For example, in a classic study, 
regression was used. to explain the altered play behavior of children 
who had been frustrated (Barker, Dembo, & Lewin, 1941). Lewin (1954) 
also suggests that reward can operate in much the same manner as 
these other factors. In discussing level-of-aspiration research, he 
notes that "if pressure is brought to bear on a child by offering 
reward .•. a procedure is used which is characteristic of a younger 
age level" (p. 957). 
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Lewi.n}s conc~pt of regression also appears to be tied to concepts 
similar to those offered by Yerkes and Dodson and McGraw. Yerkes and 
Dodson (1908) proposed that performance was optimal when motivation 
was at an optimal level and any deviation above or below that motiva-
tiona; level hindered performance. Lewin (1954) suggests that "in-
creasing incentives favor the solution of detour and other intellec-
tual problems only up to a certain intensity level. Above this level, 
however, increasing the forces to the goal makes the restructurization 
more difficult ••. partly because the resultant emotionality leads 
to primitivation (regression)" (p. 942). Lewin appears to offer 
a theoretical mechanism for the Yerkes-Dodson law. 
McGraw suggested that reward's detrimental effect stemmed from 
the inacessabil±ty of peripheral material. Lewin (1954) using the 
concept of regression, makes the same point. He notes that "regres-
sion, in the sense of a narrowing down of the psychologically present 
area may result from emotional tension, for insj::ance, if the child is 
too eager to overcome an obstacle" (pp. 925-6). For the young child, 
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or developmentally regressed individual the imn1ediate situation is less 
extended. It is possible. that the administration of material incentives 
provides one way for the child to become "too eager". Based on these sim-
ilarities, it may be possible to combine the predictive model that 
McGraw has formulated with the theoretical foundations for develop-
mental regression that Lewin and Werner have provided. 
Lewin (1954) proposes that emotional tension serves as an inter-
vening variable between reward and performance and that it is strong 
emotionality that is "detrimental to finding intellectual solutions" 
(p. 931). The notion that reward evokes emotional responses or 
arousal has been considered by the present author as an interesting 
concept. Research has been proposed by John McCullers and Ken McGraw 
to test this notion but at this point in time the studies have yet 
to be carried out. 
The arousal explanation would suggest that reward leads to a 
general disruption of normal functioning. The linking of arousal 
·to regression suggests that a shift could occur toa developm:entally 
less mature level without the necessity of an accompanying general 
disorganization. That is, regression might involve a 'shift to a more 
primitive but still well-integrated mode of functioning. 
An alternative explanation for the mechanism by which reward can 
lead to lower developmental stages exists. Given that rewards, 
particularly primary rewards, are so undeniably associated with the 
maintenance of life, it can be speculated that the answer may be 
bound up in some way with evolutionary survival mechanisms. One possi-
bility 1s that reward may engage primitive adaptive mechanisms 1n a 
rather automatic and unconscious way, in much the same fashion that 
strong emotional stimuli engage the sympathetic nervous system. In 
this framework subjects acting under reward conditions shift toward 
a developmentally more primitive stage and orismtation to simpler 
mechanisms that make for .the efficient gathering in of rewards. In 
a great majority of situations of ordinary life such a shift that 
enhanced reward retrieval would have important survival value. In the 
sorts of tasks that have uncovered the detrimental effect of reward, 
however, such a shift would impede optimal performance and thus run 
counter to the person's best int~rests. 
The concept of regression may provide the theoretical mechanism 
necessary to predict the detrimental effepts of reward on performance 
in one situation without having to deny that reward on other tasks 
and by other measures can facilitate performance. For example, if 
reward can shift an adult to a lower level of functioning then per .. 
formance should be adversely affected on tasks requiring a higher 
level of developmental maturity, i.e. on attractive, heuristic sorts 
of tasks where the detrimental effect of reward is typically found. 
On the other hand, a more primitive orientation and approach could 
lead to more efficient performance in many routine, mechanical 
(algorithmic) tasks. 
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Although this type of reasoning provides a basis to link reg_;t:>ession 
with the detrimental effects of reward literature, predictions -of. the 
effect of regression would appear to be more complex than the simple 
two factor model discussed earlier. 
Lewin (1954), for example, states that developmental change can 
occur in a number of ways. These include an increase in differentia-
tion, an integration of subregions into a single functional region, 
a decrease in differentiation, and a breaking up of subregions or a 
restructuning of regions. In addition he notes that "repetition of a 
certain activity may lead to a differentiation of a:previously uitdif;;; 
ferentiated region ••.. Hom.'Ver, if continued long enough repetition 
may have the opposite effect, namely a breaking up of the large units 
of actions .•• and disorganization" (p. 932). These complex develop--· 
mental changes make predictions of regression effects somewhat 
tenuous until research can clarify some of the variables involved. 
Nonetheless, some predictions are suggested by this model. 
In general,it might be said that regression fosters both 
rigidity (Lewin, 1935) and diffuse responding (Werner, 1957). For 
the highly developed orgamism (e.g., adult), regression might serve 
to increase rigidity thereby enhancing algorithmic responding but 
hampering heuristic problem-solving, as predicted by the McGraw model. 
At younger ages, however, predictions are less clear. One possibility 
would be that the processes involved and the way they would be 
affected would be similar to those at the highly developed adult 
level. Another possibility is that at younger levels of developnent 
regression may lead to more diffuse responding. If so, this might 
hinder algorithmic solutions which require direct and rote responding 
but be facilitative of heuristic responses which require considera-
tion of the total situation. Intermediate age levels might reflect 
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other developmental changes in the nature of regression. Thus 
regression might be either facilitative or detrimental for either 
algorithmic or heuristic tasks depending on the relative stages 
of differentiation of the skills necessary for solving the particular 
task. 
At any point in development, the development of hierarchic organ-
ization which allows for stability and flexibility further compli-
cates the predictions. Also, throughout development there exists 
periods of labile and stable functioning and this may prove to be 
critical. These variables may lead to different predictions for 
regression in children and adults at different levals of ability. 
It has been noted that many s·tudies did not find ·.a detriiiJ.ental 
effect of reward, using tasks similar to those that did (Terrell, 
& Kennedy, 1957;. Ward, Kogan, & Pankove, 1972). Studies that found 
facilitative effects of reward on intelligence tests, have used 
subject populations of low ability. Perhaps these subjects are in 
early stages of organization and labile filnctioning. Reward, through 
regression, in these cases, may lead to more stable functioning and 
thus to improved performance. With high ability subjects, on the 
other hand, regression may inevitably lead to a loss of hierarchic 
integration and thus poo~er performance. 
All of these developmental factors may play a part in the pre-
diction of the effect of developmental regression on performance. It 
appears that these predictions are relatively consistent with some 
of the findings on the detrimental effect of reward thus .providing 
some encouragement for the idea that reward causes developmental 
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regression. At this point only a simple mode~ that predicts that 
reward will produce diffuse responding in young children and rigid 
functioning in adults appears to be manageable. 
Summary and Conclusions 
Theorizing on developmental regression is highly speculative 
although its roots lie in the grand theories of.devel9pment. Some 
preliminary data, however, suggest that this line of exploration 
may prove interesting and fruitful with far-reaching implications. 
Of all the hypotheses attempting to account for the detrimental 
effect of reward, it is the developmental regression notion which 
would appear to offer the most comprehensive and interesting line 
of exploration. 
-· 
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Table 3 
Mean Subtest Scores by Age and Reward 
Subtest 
Group ./ IN AR SM DSa OAb BD 
College 
Nonreward 11..12 10.94 11.50 10.94 11.94 12.81 
Reward 11.06 12.31 11.06 11.31 10.38 11.25 
Elementary 
Nonreward 11.50 10.88 11.88 10.68 12.31 10.38 
Reward 10.50 10.44 12.06 9.88 10.94 10.94 
Nursery 
Nonreward 12.44 12.75 11.50 12.69 11.06 11.06 
Reward 11.94 12.44 11.88 11.56 11.62 12.31 
aindicates scores for Digit Symbol, Coding, and 
Animal House subtests. 
bindicates scores for Object Assembly and Geometric 
.Design subtests. 
Table 4 
Mean Factor Scores by Age and Reward 
Factor 
Grpup vc FD PO 
College 
Non reward 22.62 21.88 24.74 
Reward 22.12 23.62 21..62 
Elementary 
Non reward 23.38 21.56 22.69 
Reward 22.56 20.31 21.88 
Nursery 
Nonreward 23.94 25.44 22.12 
Reward 23.81 24.00 23.14 
/ 
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l'.able 5 
Mean Subtest Scores by Age, 
Reward, and Ability Level 
Subtests 
Group IN AR SM DSa OAb BD 
High Ability 
College 
Nonreward 12.12 12.38 12.25 11.75 12.75 13.25 
Reward 11.50 11.50 11.62 10.88 11.25 10.88 
Elementary 
Nonreward 13~00 ;1.1. 62 13.00 11.12 12.88 11.25 
Reward 11.25 10.38 14.00 9.25 12.12 12.25 
Nursery 
Nonreward 12.44 12.75 11.50 12.69 11.06 11.06 
Rewand 11.94 12.44 11.88 11.56 11.62 12.31 
Average Ability 
College 
/ Nonreward 10.12 9.50 10.75 10.12 11.12 12.38 
Reward 10.62 13.12 10.50 11.75 9.50 11,. 62 
Elementary 
Reward 10.00 10.12 10.75 10.25 11.75 9.50 
Nonreward 9.75 10.50 10.12 10.50 9.75 9.62 
a Scores for Digit Symbol, Coding, and Animal House. 
b Scores for Object Assembly and Geometric Design. 
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Table 6 
Mean Error Scores by Age and Reward 
Sub test 
Group DSa .SM OAb BD 
College 
Nonreward 9.12 2.94 .25 1.12 
Reward 6.50 3.44 .62 1. 88 
Elementary 
Nonreward 3.25 6.12 • 62 4-.00 
Reward 3.38 5.88 .94 3.75 
Nursery 
Non reward .19 6.56 4-.62 4.56 
Reward 1. 4-4 5.88 4.25 3.31 
a d. In 1cates scores for the Digit 
Symbol, Coding, and Animal House 
subtests. 
/ bindicates scores for the Object 
Assembly and Geometric Design subtests. 
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Table 7 
Mean Block Design 
Proportional 
. a T1me Scores 
Group Reward Nonreward 
College 40.88 38.94 
Elementary 54.44 54.88 
Nursery 55.19 54.38 
aRefer to Appendix G for the deriva--
.tion of these percentages. 
I 
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Table 8 
Ability and Age Matching Scores 
:rreatment 
Nohreward Reward 
Group PT MTH a PT MTH 
College 
Male 20.88 229.75 21.62 228.75 
Female 21.00 225.25 21.00 227.62 
All 20.94 227.50 21.31 228.19 
Elementary 
Male 22.12 121.50 22.88 120.38 
Female 23.00 119.75 21.62 118.12 
All 22.56 120.62 22.25 119.25 
Nursery 
Male 24.50 59.75 24.75 59.88 
Female 24.38 57.62 24.25 58.00 
--I 
All 24.45 58.69 24.50 58.94 
Total 22.65 135.60 22.69 13 5. 46 
a Age here lS reported in months, whereas 
in the text the ages are reported in years. 
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Table 9 
Correlations Between Sub test Groups for All Ages Combined 
Tests: PT TS AG HR vc FD PO IN AR SM DSa OAb BD 
PT . 44" • 37'' • 3 9" . 50" • 27' .23' . 42" • 3 4" . 43" .10 .21' .17 
TS • 88" • 84" . 78" • 79" • 6 9" . 70" .63" . 65" . 58" • 53" .60" 
AG • 4 7" . 71" • 93" .33" • 76" . 77" . 4 7" . 73" .20' • 3 5" 
HR ~66" • 40'' • 88" • 44" • 42" . 6 9" .. 23' .76" .67" 
vc • 49" • 31" .. 85" . 46" • 87" . 38" .27' • 24' 
FD • 28' • 47" . 79" . 38'i • 82." .15 .3211 
PO '27' .33" • 27'" .13 • 84" .79" 
IN • 46 11 • 48" .31" .22' • 24' 
AR • 3 4" • 29" .23' .32" 
SM • 27' • 25' .18 
DSa 
.02 .20 
OAb 
.33" 
aindicates scores for the Digit Symbol, Coding, and Animal House 
subtests. 
bindicates scores for the Object Assembly and Geometric Design 
subtests. 
I E <. • 05 
I 
II E. ( .005 
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Table 10 
Correlations Between Subtest Groups for All Ages 
Tests: PT TS AG HR vc FD PO. IN AR SM DSa OAb BD 
Reward 
PT. .i38 I .14 • 40" . 49'' ( • 02) ~38" • 39 1 .15 .45"(.15) .31 1 .32' 
TS • 88" • 85"' • 81'' . 78" '. 72" . 68" . 7.1" . 71" • 65" • 50" .67" 
Aq ...... • 50" • 67" • 93" o 38 I • 71" • 80'' • 46" • 81" • 16 • 4 7" 
HR • 7 4" • 40" • 88" • 46" .lUll • 'l7':r .30 1 • 72" • 70" 
vc • 44" . 42" .83" • 44" . 87" .33 1 .27 • 41" 
FD ...... .32 1 • 40 I • 84" .36 1 • 89" • 13 • 41" 
PO .33 1 .31' . 38 1 .25 .83" • 78" 
IN • 38 1 . 46" .31 1 .17 . 38~ 
AR .38' • 50'' .11 • 41" 
SM • 26 • 29 1 . 32 1 
DSa 
.11 .31 1 
OAb 
.31' 
Nonreward 
PT • 55" • 63" .28 . 51" .63" .11 . 4 7" . 53" . 42" .39 1 .13 .04 
TS ...... • 85" • 82" • 7 4" . 79" • 68" . 71" .70" . 58" . 46" . 57" . 55" 
AG • 44" .• 75" • 93" .28 .81" . 7 4" • 49" .63" . 23 .24 
HR • 57" .38' • 88" . 41" • 44" . 59" .18 • 79" . 65" 
vc • 57" .21 • 88" • 49" • 86" • 34 t .26 .08 
FD .24 • 57" • 7 4" • 42" .73" .18 .22 
I 
PO .21 o 36 I .15 (. Ql) • 84" • 80'' 
IN • 54" • 51" • 29 t • 22 .16 
AR o 31 I .08 • 35 I .24 
SM . 30' • 22 ' • 02 
.JSa ( .e9) .09 
OAb 
• 351' 
a Scores for Digit Symbol, Coding, and Animal House subtests. 
b Scores for Object Assembly and Geometric Design subtests. 
I E < .05 
" E. < . 005 
Note: Parentheses indicate a negative correlation. 
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Table 11 
Correlations Between Subtest Groups for All Adults 
Tests: PT TS AG HR vc FD PO IN AR Sli'I DS OA BD 
Reward 
PT . 54' .11 • 7 4" .• 53'(.10) • 58' • 44 .09 .45 ( ~ 26) • 64' .19 
TS • 78" . 72" .23 . 59" . 7 4" .26 • 59' . 12 .30 • 42 • 7011 
AG .14 { .10) . 89" .28 .04 .76".(.23) o 58 I ( • 02) • 47 
HR .• 48 .( .• 05) • 87" .37 .10 . 44 (. 17) '70'' .60' 
vc .50 .08 • 87" (. 19) . 82" (.56)'(. 03) .10 
' FD .17 (. 43) . 77"·{. 40) .75"(.05) .32 
PO .18 .18 ( • 06) .07 • 79" • 71" 
IN (~18) • 42 (. 4 7) .05 • 23 
AR (.~g) .15 (.18) .49 
SM (.48)(.01)(.09) 
DS .12 (. 02) 
OA .11 
·Nonreward 
. ~------" ,_ 
P'l' • 691 ' • 72" o 52 I • 69"1 .62 1 .37 .62 1 . 57' , 56 I .24 .30 .36 
TS ,..._ . 8811 • 90" • 80" . 7811 • 76" • 71" . 6 5" • 66" .36 . 64 1 . 73" 
AG · o 58 I . 8211 • 93" .39 . 7 5" . 62'1' . 66" • 56 I .32 .38 
HR o 61 I • 48 . 94" . 52' • 53 I • 53' .10 . 79" • 89" 
vc • 62 I .38 • 87" • 47 • 84" .33 .22 • 43 
I FD 
.30 • 44 • 59' .62' . 68" .24 .30 
PO 
• 41 • 47 .19 (. 06) • 91 11 . 88" 
IN ....... • 44 • 46 .14 .35 .38 
AR 
.36 (.19) • 44 . 40 
s~ 
. 43 • 02 .35 
DS ( .11) .01 
OA 
o 61 I 
Note: Parentheses 
. indicate . a negative correlation. 
£ < .05 
" .E < .005 
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Table 12 
Correlations Between Subtest Groups for Elementary School 
Tests: PT TS AG HR vc FD PO IN AR SM CD OA BD 
Reward 
PT o 51 I .07 • 69" o 53 I ( o 05) o 66 I .28 .24 .59'(.23) o 58 I o 64 I 
TS • 77'' • 88" • 90" • 6 9" • 71'' o 52 I .65' • 92" , 55 I • 82" • 46 
AG .38 • 7 4" • 92" .12 • 66" . 77" o 61 I . 78" .32 (. 12) 
HR • 75" .33 • 94" .27 .36 • 88" . 22 • 95" • 76" 
vc o 54 I o 51 I • 76" o 58 I . 91" .37 o 63 I . 30 
FD .10 .31 .77" • 55.' . 90" • 32 {.17) 
PO .11 .16 . 65' .03 • 93" • 91" 
lf'{ • 40 • 42 .17 . 16 . 03 
AR o 55 I • 42 .38 ' • 10) 
SM • 41 • 79" • 40 
CD .21 (. 17) 
OA. 
-
. ~ 69" 
Nonreward 
PT 
-' • 75" .6M • 66 t • 73" .55l .38 • 68" • 57' • 6 9" • 28 .30 .34 
TS • 91" • 89" • 85" • 84" • 69'' • 87" • 76" .73" o 53 I • 70" • 40 
AG • 71" • 86" . 84" . 48 • 91" • 74'' • 70" • 71" .51' .25 
HR • 80'' • 64' • 79" • 71" • 76" • 78" .24 • 84" • 40 
I 
vc .76" ~34 • 93" • 71" • 94" • 48 • 50' .oo 
FD .38 • 7811 • 76" • 66" • 78'' • 42 .!7 
PO .38 • 54' .26 • 06 • 87" .76" 
IN . ·- -f-f .69" • 7 4" • 51 I • 47 . 12 
AR o 63 I .19 .57' .27 
SM .39 • 46 (. 10) 
CD .08 • 00 
OA .33 
Note: Parentheses indicate a negative correlation. 
E. <. .05 
Iii £ ·< .005 
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Table 13 
Correlations Between Subtests Groups for Nursery School 
Tests: PT TS AG HR vc FD PO II'\ AR SM AH GD BD 
Reward 
PT .11 .09 .13 • 42 (.10)(.11) .38 .06 .35 (. 21) ( .11) (. 04) 
TS .96" • 921l • 87" .91" •, 73 II . 83" • 8611 • 70" . 83" .28 • 81" 
AG . 78" . 83" . 96" o 59 I . 86" .86" .62' • 90" .11 . 81" 
HR • 80" . 7 4" • 81" . 69" • 75" .73" • 62 I .49 .70" 
vc • 70" .39 . 87" .71" • 89" • 59' .04 o 57 I 
FD o 57 I .67" • 90" o 57 I . 94" • 06 . 83" 
PO o 51 I • 52' .19 • 53 I • 76" o 65 I 
IN • 59' o 56 I .63' .16 • 61 I 
AR • 66" .70" .11 • 68" 
SM • 42 (. 09) • 41 
AH .• 01 ·,:82" 
GD. • 03 
Nonreward 
PT .38 . 44 .17 .14 o 59 I .10 .02 .39 .21 .48 .12 .02 
TS .83" .82" • 53 I • 85" • 75'' • 47 • 72" .32 • 47 o 57 I .62' 
AG .36 • 64" • 91" .32 . 7 4" . 80" .16 • 46 .16 .37 
HR .24 • 48 • 92" • 02 .37 .37 .30 • 79" .66' 
/ vc .39 (. 03) • 80" .38 • 6 9" .15 (. 03) ( . 01) 
FD • 45 . 40 • 80" .15 .61' .26 . 46 
PO (. 02) .38 (. 02) .24 • 83" . 7 4" 
IN • 48 (. 10) • 03 (. 08) .06 
AR .04 .02 .35 .25 
SM .20 .05 (. 09) 
AH (. 02) • 44 
GD .24 
Note: Parentheses indicate a negative correlation. 
E. < .05 
II E. ( .005 
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Table 14 
Anovas for Pretest Scores for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 1.12 .31 • 583 .78 . 09 . 763 . .04 .00 .957' 
Xsex 1 . 50 .14 .714 .28 .03 .853 .78 . 07 .758 
Exp 1 .12 . 03 .858 19.54 2:33 .140 9.03 .85 .365 
RX 1 1.12 .31 . 583 9.03 1. 08 .310 .28 .02 .872 
RE 1 . 50 .14 .714 9.03 1.08 .310 7.03 .66 • 423 
XE 1 3.12 .06 .362 .78 .09 . 763 1. 54 .14 .707 
RXE 1 2.00 • 55 . 465 9.03 1. 08 .310 69.03 6.52 . 017 
Error 24 3.62 8.39 10.59 
/ 
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Table 15 
Anovas for Age Matching for Each Age 
Adults Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 3.78 .14 .708 15.12 1. 04 .317 . 50 .02 . 886 
Xsex 1 63.78 2.40 .135 32.00 2.21 .150 32.00 1. 34 .250 
Exp 1 16.53 .67 . 436 8.00 . 55 . 465 66.12 2.78 .109 
RX 1 22.78 .86 .362 .50 . 03 .854 .12 . 01 . 943 
RE 1 148.78 5.64 .026 8.00 .55 .465 4.50 .19 .668 
XE 1 .78 • 03 .865 1.12 .08 . 783 32.00 1. 34 .258 
RXE 1 9.03 .34 . 564 15.12 1. 04 .317 10.12 . 43 . 521 
Error 24 26.39 14.50 23.81 
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Table 16 
Overall Anova for Algorithmic-Heuristic Scores 
Between Within 
Source df MS F p Source df MS 'F p 
Age 2 120.15 2.73 .072 Sca1e 1 5.33 •. 39 • 534 
Rew 1 27.00 . 61 . 436 SA 2' 91.27 6.68 .002 
Xsex 1 168.75 3. 83 .054 SR 1 .oo .oo .999 
Exp 1 256.68 5.83 .018 sx 1 12.00 .88 .352 
AR 2 10.19 .23 .794 SE 1 35.02 2.56 .114 
AX 2 90.19 2.05 .136 SAR 2 91.69 6. 71 . 002 
RX 1 .75 . 02 • 897 SAX 2 1. 69 .12 .884 
AE 2 28.56 .65. .526 SRX 1 10.09 .74 . 393 
RE 1 58.52 1. 33 . 253 SAE 2 32.14 2.35 .102 
XE 1 .02 .oo .983 SRE 1 17.52 1. 28 .261 
ARX 2 2.31 .05 . 949 SXE 1 2.52 .18 .669 
ARE 2 106.02 2.27 .110 SARX 2 9.65 • 71 . 497 
AXE 2 49.52 1.13 .330 SARE 2 6 .. 90 .50 .606 
RXE 2 7.52 .17 .681 SAXE 2 14.02 1. 03 .364 
ARXE 2 3.77 .89 .918 SRXE 2 3. 52 .26 .613 
Error 7~ 44.02 SARXE 2 28.52 2.09 .132 
Error 72 13.67 
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Table 17 
Anovas for Algorithmic-Heuristic Scores for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 14o 06 0 43 0 520 33o06 0 56 0 460 o25 o01 0 938 
Xsex 1 7o56 0 23 0 636 85o56 1. 46 o228 256o00 6o31 o019 
Exp 1 10o56 o32 0 577 121o00 2o07 0 163 182o25 4o49 o045 
RX 1 1. 56 o05 • 829 1. 56 0 03 o872 2o25 .06 o816 
RE 1 18.06 .55 • 477 30o 25 • 52 0 479 210o25 5.18 o032 
XE 1 • 56 o02 .897 56.25 0 96 o337 42o25 1. 04 .318 
REX 1 14o06 0 43 o520 oOO oOO .999 1.00 o02 0 877 
Error 24 32.96 58. 53 40o56 
Scale 1 6.25 • 67 0 420 105o06 5.46 .028 76o56 6o14 o021 
SR 1 110o 25 11.87 .002 5.06 0 26 0 613 68o06 5o45 o028 
sx 1 12.25 1.31 o262 1.56 .68 .778 1. 56 o14 o727 
SE 1 9o00 o97 .335 30o 25 1.57 .222 60o06 4o81 o038 
SRX 1 12.25 1.31 .262 14o 06 0 73 0 401 3.06 .25 o625 
SRE 1 25o00 2.69 o114 6o25 o32 0 574 0 06 .01 • 944 
SXE 1 4.00 o44 o518 16o00 .54 .371 10.56 o85 0 367 
SERX 1 25.00 2.69 .114 25o00 1.30 .266 10o56 o85 o367 
El'ror · 24 9.29 19.24 12.48 
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Table 18 
Overall Anova for Factor Scores 
Between Within 
Source· df MS F p Source df MS F p 
Age 2 80.10 2.73 . 072 Factor 2 2.11 .21 .812 
Rew 1 18.00 .61. . 436 FA 4 30.06 2.99 .021 
Xsex 1 112.50 3. 83 .054 FR 2 • 95 . 09 .910 
Exp 1 171. 12 5.83 . 018 FX 2 12.32 1. 22 .297 
AR 2 6.79 . 23 .794 FE 2 41.66 4.14 .018 
AX 2 60.12 2.04 .136 FAR 4 34.29 3. 40 . 011 
RX 1 . 50 .02 .897 FAX 4 8. 71 .86 . 487 
AE 2 19.04 .65 • 526 FRX 2 2.26 .22 .799 
RE 1 39.01 1.33 .253 FAE 4 22.96 2.28 .064 
XE 1 .01 .00 . 983 FRE 2 15.85 1. 57 . 211 
ARX 2 1. 54 .05 .949 FXE 2 46.15 4.58 .012 
ARE 2 66.68 2.27 .110 FARX 4 13.29 1. 32 .266 
AXE 2 33.01 1.13 .330 FARE 4 4.51 .45 . '774 
RXE 1 5.01 .17 .681 FAXE 4 2.41 .24 • 916 
ARXE 2 2.51 .09 • 918 FRXE 2 3.34 .33 .719 
Error 72 29.34 FARXE 4 10.32 1. 02 . 397 
Error 144 10.08 
. I 
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Table 19 
Anovas for Factor Scores for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 9.38 • 42 • 520 22.04 • 56 • 460 .17 . 01 . 938 
Xsex 1 5.04 .23 • 636 57.04 1. 46 . 238 170.67 6.31 • 019 
Exp 1 7.04 .32 • 577 80.67 2.07 .163 121.50 4.49 .045 
RX 1 1.04 .05 .829 1.04 • 03 .872 1. 50 .06 .816 
RE 1 12.04 .55 . 466 20.17 . 52 . 479 140.17 5.18 .032 
XE 1 .38 .02 . 847 37.50 • 96 .337 28.17 1.04 .318 
RXE 1 9.38 . 43 . 520 .00 . 00 .999 .67 • 02 . 877 
Error 24 21.97 39.02 27.04 
Factor 2 5.29 .54 .585 34.16 3.13 • 053 22.78 2.38 .103 
FR 2 47.62 4.88 .012 • 51 .05 • 9'5l!l 21.39 2.23 .118 
EX 2 51.17 1. 56 .222 2.26 .21 .814 12.32 1. 29 .285 
:FE 2 3.04 .31 • 734 50.95 4.67 • 014 33.59 3.51 • 038 
FRX 2 17.17 1. 76 .183 2.57 .24 • 791 9.09 • 95 .394 
FRE 2 o29 .03 0 971 18.76 1. 72 .190 5.82 .61 . 548 
FXE ·2 22.87 2.35 .107 15.22 1. 40 .258 12.89 1.35 .270 
FRXE 2 10.12 1.04 .362 4.16 .38 o685 9.70 1.01 0 371 
Error 48 9.75 10o91 9.57 
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Table 20 
Overall Anova for Individual Subtest Scores 
·Between Within 
Source df MS F p Source df MS F p 
Age 2 40.05 2.73 .072 Test 5 2.87 .66 . 657 
Rew 1 9.00 .61 . 436 TA 10 10.64 2.43 .008 
Xsex 1 56.25 3. 83 .054 TR 5 4.06 . 93 • 463 
Exp 1 85.56 5.83 . 018 TX 5 15.46 3. 53 .004 
AR 2" 3.39 .23 .794 TE 5 8.89 2.03 .074 
AX 2 30.01 2.05 .136 TAR 10 8.26 1. 89 . 046 
RX 1 .25 .02 . 897 TAX 10 6.31 1. 44 .160 
AE 2 . 52 .65 ,526 TRX 5 1. 08 .25 . 941 
RE 1 19.51 1. 33 . 253 TAE 10 6.42 1. 47 .150 
XE 1 .01 .oo .983 TRE 5 4.47 1.02 .405 
ARX 2 .77 .05 • 949 TXE 5 11.12 2.54 .028 
ARE 2 33.34 2.27 .110 TARX 10 7. 39 1. 69 .082 
AXE 2 16.50 1.13 .330 TARE 10 3.73 .85 .580 
RXE 1 2.51 .17 .681 TAXE. 10 1. 48 .34 .970 
ARXE 2 1. 25 .09 .918 TRXE 5 2.29 .52 . 760 
Error 72 14.68 TARXE 10 6.52 1. 49 .141 
Error 360 4. 38 
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Table 21 
Anovas for Individual Subtest Scores for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 4.68 . 43 . 520 11.02 . 56 • 460 .08 .01 • 938 
Xsex 1 2.52 .23 .636 28.52 1. 46 .238 85.33 6.31 . 019 
Exp 1 3.52 .32 . 577 40.33 2.07 .163 60.75 4.49 .045 
RX 1 • 52 .05 • 829 • 52 .• 03 .872 .75 .06 .816 
RE 1 6.02 .55 . 466 10.08 . 52 . 479 70.08 5.18 . 032 
XE 1 .19 .02 .897 18.75 • 96 .337 14.08 1.04 .318 
RXE 1 4.69 • 43 • 520 .oo • 00 . 999 .33 .02 . 877 
Error 24 10.99 19.51 13.52 
Test 5 4.42 1.15 .336 13.29 3.16 • 010 6.44 1. 26 .285 
TR 5 10.44 2.73 .023 4.35 1.03 • 402 5.80 1.14 .345 
TX 5 18.75 4.90 .000 5.82 1.38 .236 3.52 .69 . 632 
TE 5 1.35 .35 • 880 11.63 2.76 • 021 8.76 1. 72 .136 
TRX 5 7.70 2.01 .082 4.20 1.10 • 423 3.96 .78 • 568 
TRE 5 4.00 . 1.04 .395 4.81 1.14 .342 3.12 .61 . 691 
TXE 5 5.69 1. 49 .199 3. 40 • 81 • 546 4.99 .98 • 433 
TRXE 5 6.14 1. 60 .164 5.52 1. 31 . 263 3.67 .72 .610 
Error 120 3. 83 4.21 5.10 
'9.7 
Table 22 
Anovas for Algorithmic~Heuristic Scores 
by Ability for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 14.06 . 63 . 433 33.07 . 70 . 409 .25 .oo . 948 
IQ 1 121.00 5.44 .027 300.25 8.09 .008 36.00 . 62 . 438 
RQ 1 100.00 4.50 . 043 2.25 .05 .828 .25 .00 .948 
Error 28 22.23 47.03 58.26 
Scale 1 6.25 .65 .427 105.06 7.34 .011 76.56 5.59 .025 
SR 1 110.25 11.44 .002 5.04 .35 .557 68.06 4.97 .034 
SQ 1 1.56 .16 .690 90.25 6.31 .018 1.56 .11 .738 
SQR 1 39.06 4.05 .054 64.00 4.47 .043 .06 .00 .947 
Error 28 9.64 14.31 13.71 
Source df 
Rew 1 
IQ 1 
RQ 1 
Error 28 
Factor 2 
FR 2 
FQ 2 
FRQ 2 
Error 56 
Table 23 
Anovas for Factor Scores 
by Ability for Each Age 
Adult · Elementary 
MS 
9. 38 
80.67 
66.67 
14.82 
5.29 
47.62 
. 6.17 
20.17 
9.87 
F p MS F p 
• 63 . 433 22.04 . 70 . 409 
5.44 . 027 253. 50 8.09. • 008 
4.50 • 043 1. 50 .65 .828 
31.35 
.54 .588 34.16 3.31 .044 
4.82 .012 .51 .05 .952 
.62 .539 49.16 4.77 .012 
2.04 .139 17.84 1.73 .186 
10.31 
Nursery 
MS F p 
.17 .oo . 948 
24.00 .62 • 438 
.17 .oo • 948 
38.84 
22.78 2.17 .123 
21.39 2.04 .140 
3.41 .32 .721l 
16.14 1,54 .224 
10 .. 49 
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Table 24 
Anovas for Individual Subtest Scores 
by Ability for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 9.69 . 63 . 433 11.02 .70 • 409 .08 .oo • 948 
IQ 1 40.33 5.44 .027 126.75 8.09 .008 12.00 .62 • 438 
RQ 1 33.33 4.50 • 043 .75 .05 • 828 .08 . 00 .948 
Error 28 7.41 15.68 19.42 
• 
Test 5. 4.42 .98 . 433 13.29 3.11 .011 6.44 1. 28 .277 
TR 5 10.44 2.31 .047 4. 3 5 1.01 . 410 5.80 1.15 .337 
TQ 5 3.41 .75 .584 11.12 2.60 .028 1. 44 .28 • 920 
TRQ 5 5.56 1. 23 .298 5.60 1.31 .263 8.00 1. 59 .167 
Error 140 4.52 4.28 5.04 
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Table 25 
Anovas for Block Design Proportional 
Time for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F ·p MS F p 
Rew 1 30.03 • 27 .610 . 1. 53 . 01 .941 5.28 .04 .849 
Xsex 1 148.78 1. 32 .262 108.78 .91 . 351 • 03 .oo .988 
Exp 1 5.28 .05 • 830 306.28 2.55 .123 850.78 6.00 .022 
RX 1 34.03 .30 . q88 166.54 1.39 .251 108.78 .77 .390 
RE 1 9.03 . 08 .779 .28 .00 . 962 5.28 .04 .849 
XE 1 124.03 1.10 .304 148.78 1. 24 .277 306.28 2.16 .155 
RXE 1 185.28 1. 65 .212 63.28 . 53 . 475 185.28 1.31 .264 
Error 24 112. 59 120.16 141.91 
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Table 26 
Anovas for Block Design Times for Each Age 
Adult Elementary Nursery 
Source df MS F p MS F 
·P MS F p 
ReW 1 224.00 .28 .618 586.55 .95 • 339 903.14 1. 72 .202 
Xsex 1 1275.14 1,45 .240 1124.20 1. 83 .189 440.04 .84 .369 
Exp 1 56.89 .06 :so1 935.26 1. 52 .230 566.71 1. 08 .309 
RX 1 249.38 .28 .599 1313.29 2.13 .157 . 13.35 • 03 • 875 
RE 1 42.00 .05 .829 31.34 .05 .823 806.68 1. 54 .227 
XE 1 847.34 • 97 .336 101~53 .16 .688 2837.55 5.41 .029 
RXE 1 1494.22 1. 70 .204 993. 85 1. 61 .216 7. 34 . 01 . 907 
Error 24 877.94 615.95 524.93 
Trial 8 35804.61 117.60 . 000 60147.5 240.31 .000 9083.84 65.36 . 000 
TR 8 227.89 .76 .651 124.75 • 50 • 856 . 209.79 1. 51 .156 
TX 8 451.72 1. 48 .165 212.75 • 85 • .560 . 239.25 1. 72 • 096 
TE 8 122.95 • 40 • 917 145.65 • 58 .792 213.12 1. 53 .148 
TRX 8 391.54 1. 29 . 253 340.54 1. 36 .216 130.41 .94 • 486 
TRE 8 96.17 .32 .959 916.17 3.66 .001 284.01 2.04 . 043 
TXE 8 998.53 3.28 .002 278.95 1.11 .355 315.04 2.27 . 024 
TRXE 8 255.11 .84 .570 143. 13 • 57 .800 121. 46 .87 • 540 
Error 192 304.47 250.29 138.99 
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·'fable 2'1 
Anovas for Heuristic Errors at Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 7.04 4.26 .050 .09 • 02 . 896 14.26 1.17 .290 
Xsex 1 2.67 1. 61 .216 3.01 • 56 • 463 6.51 • 53 .272 
Exp 1 2.67 1. 61 . 216 5.51 .02 .323 27.10 2.22 .149 
RX 1 3.38 2.04 .166 .01 .00 .965 .84 . 07 .795 
RE 1 . 38 • 23 . 638 1. 76 .32 • 574 27.10 2.22 .149 
XE 1 .67 . 40 • 531 • 84 .16 . 697 4.59 • 38 .545 
RXE 1 .04 • 03 . 875 3.76 • 69 . 413 1. 76 .14 .707 
Errpr 24 1.65 5.42 12.18 
Test 2 61.54 70.61 .000 220.38 115.40 .000 46.00 8.84 . 001 
TR 2 .29 .33 .717 -~4 . 44 • 645 1. 57 . .30 . 741 
TX 2 .54 .62 . 541 3.39 1. 77 .181 4.13 .79 • 458 
TE .2 .54 .62 . 541 9.20 4.81 .012 1. 53 .29 • 746 
TRX 2 6.00 6.88 .002 1.14 • 59 . 556 5.91 1.13 .330 
TRE 2 2.00 2.19 .112 .95 .50 .612 1.22 . 23 .792 
TXE 2 7.04 8.08 . 001 1. 91 1.00 .376 5~91 1.13 .330 
TRXE 2 .79 • 91 . 410 .70 . 37 • 696 3.13 .60 • 552 
Error 48 .87 1. 91 5.24 
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Table 28 
Anovas for Algorithmic-Heuristic 
Errors at Each Age 
Adult Elementary Nursery 
Source df MS F p MS F p MS F p 
Rew 1 4.00 .16 .694 .02 • 00 .968 4.52 . 13 .720 
Xsex 1 • 56 . 02 .882 21.39 2.28 .144 23.76 .69 . 413 
Exp 1 9.00 .36' . 556 5.64 .60 .446 92.64 2.70 .113 
RX 1 12.25 • 49 . 492 .39 .04 • 840 6.89 ~20 . 658 
RE 1 95.06 3.76 .064 3.52 .37 . 546 78.76 2.30 .143 
XE 1 56.25 2.23 .148 .77 .08 .778 19.14 .56 . 462 
RXE 1 7~56 .30 . 589 21.39 2.28 .144 9.76 .28 .599 
Error 24 25.18 9.39 34.31 
Scale 1 115.56 6.03 .022 862.89 68.26 . 000 3038.74 228.35 .000 
SR 1 72.25 3.77 .064 .39 . 03 . 862 50.77 3.81 .063 
sx 1 22.56 1. 78 .289 .14 . 01 . 917 1. 89 .14 .710 
SE 1 49.00 2.56 .123 11.39 • 90 • 352 9. 77 .74 . 400 
SRX 1 1.00 .05 .821 .14 . 01 .917 .14 .01 • 917 
SRE 1 68.06 3.55 .072 26.27 2.08 .162 15.02 1.13 .299 
SXE 1 30.25 1. 58 .221 1. 89 .15 . 702 .71 . 06 • 813 
SRXE 1 10.56 • 55 • 465 .02 .oo •. 972 .01 .00 • 973 
Error 24 19.16 1.2. 64 13.31 
. I 
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'fable 29 
·Cell Means for Scaled Subtest 
Scores in Adults 
Treatment: Reward Nonreward 
Sex of S: Male Female Male Female 
Sex of E: Female Male Female Male Female Male Female Male 
TS 'M 70.75 64.75 67.25 66.25 69.25 71.25 68.75 67.75 
SD -5.25 3.95 4.35 4.99 5.44 14.82 3.10 13. 58 
AG M 37.00 32.75 34. 75 34.25 30.25 35.00 33.50 33.25 
SD 4.97 2.99 .96 2.87 4. 35 6.06 1 .• 91 7.50 
HR M 33.75 32.00 33.00 32.00 39.00 36.25 35.25 34. 50 
SD • 50 1. 63 3.56 5.10 2.16 8.96 3.77 6.24 
vc M 23.25 23.25 .22.00 20.00 21.50 24.25 23.25 21.50 
SD • 96 2.36 1. 41 4.24 2. 38 4. 43 3.95 3.87 
FD M 24.75 21.75 23.50 24.50 20.00 22.25 23.00 22.25 
SD 5.50 2.63 1. 73 4.43 3. 56 4.57 2.71 4.92 
PO M 22.75 19.75 22.25 21.75 27.75 24.75 22.50 24.00 
SD 1. 26 2.22 3.30 3.40 2.99 6.65 4.12 5.03 
IN M 12.25 11.00 11.25 9.75 10.25 12.75 10.50 11.00 
SD .96 1. 41 1. 'Z1 2.06 1. 50 1. 50 2.38 2.83 
AR M 13.75 11.75 11.00 12.75 11.50 12.75 9.75 9.75 
SD 3.70 2.22 .82 2.99 2.89 3.30 1. 26 3.30 
SM M 11.00 12.25 10.75 10.25 11.25 11.50 12.75 10.50 
SD 1. 41 • 96 .50 2.22 1. 71 3.00 1. 71 1. 29 
DS M 11.00 10.00 12.50 11.75 8.50 9.50 13.25 12.50 
SD 2.71 :1.83 .2.08 2.88 3.32 2.08 1. 89 2.89 
OA M 9.75 9.75 11.25 10.75 14.25 11.50 10.00 12.00 
SD 1.71 1.71 2.63 1. 71 2.22 3.00 2.16 2.94 
BD M 13.00 10.00 11.00 11.00 13.50 13.25 12.50 12.00 
SD 1. 41 .82 1. 41 1. 82 1.73 3.77 2.38 2. 71 
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Table 30 
Cell Means for Scaled Sub test 
Scores in Fourth-Graders 
Treatment: Reward Nonreward 
Sex of S: Male Female Male Female 
Sex of E: Female Male Female Male Female Male Female Male 
TS M 62.25 63.25 70.00 63.50 67.25 62.75 73.75 64.25 
SD 6.24 18.28 5.60 11.00 4.11 9.91 9.32 12.20 
AG M 29.75 30.50 35.25 27.75 32.50 29.25 38.00 31.50 
SD 3. 77 7.05 5.06 4.57 1. 73 5.74 4.54 7.19 
HR M 32.50 32.75 34.75 35.75 34.75 33.50 38.25 32.75 
SD 6.45 12.28 5.12 6.80 2.63 6.61 7.59 5.50 
vc M 21.00 23.00 25.25 21.00 24.00 20.00 28.75 20.75 
SD 3.91 7.75 3.50 4.40 2.83 4.69 6.13 4.92 
FD M 20.50 18.50 23.75 18.50 21.25 20.00 24.25 20.75 
SD 2.84 5.26 4.03 4.04 • 96 3.37 2.63 4.27 
PO M 20.75 21.75 21.00 24.00 22.00 22.75 23.25 22.75 
SD 4.35 6.85 3.65 4.32 4.97 4.72 4~79 3.77 
IN M 9.25 12.00 11.50 9.25 12.25 9.25 13.75 10.75 
SD 2.75 2.16 1. 73 1. 71 • 96 2.50 2.87 3.30 
AR M 11.25 10.75 11.00 8.75 11.25 9.75 12.00 10.50 
SD • 96 2.22 2.16 2.22 1. 71 • 96 2.94 2.08 
SM M 11.75 11.00 13.75 11.75 11.75 10.75 15.00 10.00 
SD 2.22 5.83 2.75 3.20 2.22 2.99 3.37 1. 83 
CD M 9.25 7.75 12.75 9.75 10.00 10.25 12.25 10.25 
SD 3.10 3.10 2.36 2.06 1. 41 1. 99 .50 2.63 
OA M 10.00 11.00 11.25 11.50 12.00 11.25 13.25 12.75 
SD 2,58 3.92 2.06 2.64 2.71 3.50 3.30 2.63 
BD M 10.75 10.75 9.75 12.50 10.00 11.50 10.00 10.00 
SD 1. 89 3.30 1. 71 2.38 3.37 2.08 2.16 1.15 
107 
Table 31 
Cell Means for Scaled Subtest Scores 
in Nursery School Children 
Treatment: Reward · Nonreward 
Sex of S: Male Female ·Male Female 
Sex of E: Female Male Female Male Female Male Female Male 
TS M 76_. 25 58.50 81.25 71.00 69.00 66.75 73.50 76.75 
SD 7.54 13.48 10.24 10.23 5.48 9.03 5.20 7.89 
AG M 38.75 28.00 42.00 35.00 38.50 33.75 39.00 40.75 
SD 3.77 7.39 7. 34 6.88 4.43 4.27 2. 71 5.44 
HR M 37.50 30.50 39.25 36.00 30.50 33.00 34.50 36.50 
SD 3.45 6.86 2.99 4.40 4.29 7.07 3.00 3.70 
vc M 25.06 20.25 28.25 21.75 25.25 22.50 25.25 22.75 
SD 2.45 7. 41 5.91 4.35 1. 89 3.70 2.06 2.99 
FD M 25 75 18.50 28.00 23.75 25.00 23. 25 25.25 28.25 
SD 2.21 5.45 6.06 3.59 2.00 3.20 2.22 4. 65 
PO M 25.50 19.75 25.00 25.00 18.75 21.00 23.00 25.75 
SD 5.74 2.21 .82 3.11 1. 71 5.60 2.16 3.50 
IN M 13.00 9.50 14.00 11.25 13.50 10.50 13.75 12.00 
SD 1. 63 2.64 3.56 3.40 2.51 2.08 • 96 • 82 
AR M 13.50 10~00 14.25 12.00 12.00 11.75 12.50 14.75 
SD • 58 2.58 3.50 1. 41 2.71 1. 26 2.89 3.40 
SM M 12.00 10.75 14.25 10.50 11.75 12.00 11.50 10.75 
sn 2.16 5.12 2.87 2. 38 • 96 2.16 1. 73 2.22 
.AH M 12.25 8.50 13.75 11.75 13.00 11.50 12.75 13~50 
SD 1. 89 4.36 2.63 2.21 .82 3.11 2.06 1. 73 
GD M 12.25 10.00 11.50 12.75 8.50 10.50 12.75 12.50 
SD 4. 35 2.16 . 58 4.03 .58 2.65 3.50 2. 38 
BD M 13.25 9.75 13.50 12.75 10.25 10.50 10.75 13.25 
SD 2.50 2.87 1. 29 1. 89 2.06 3.42 1.71 1. 26 
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Table 32 
Cell Means for Error and Time 
Scores in Adults 
Treatment: Reward Nonreward 
Sex of S: Male Female Male Female 
Sex of E: lemale Male Female Male Female Male Female Male 
BP M- 35.50 44-.00 46.50 37.50 3 5. 25 36.25 40.75 43.50 
SD 6.56 6.32 10.60 14.06 4.65 15.41 5.06 14.94 
CE M 6.75 7.00 4.25 8.00 16.00 4. 25 9.25 7.00 
SD 3.59 9.01 6.55 3.46 10.68 4.35 5.38 2.00 
OE M .75 • 50 .25 1. 00 00 .25 .50 .25 
SD • 50 .58 • 50 .82 00 • 50 .58 • 50 
BE M • 50 2.75 2.00 2.25 • 50 1. 00 1. 75 1. 25 
SD • 58 .96 • 82 • 96 .58 2.00 1. 26 • 96 
SE M 3.25 2.00 3.75 4. 75 3.75 3. 25 - 1. 50 3.25 
SD • 96 00 1. 26 L71 1. 71 1. 50 1. 29 • 96 
BD2 M 8.00 13.50 6.50 6.50 7.25 7.25 5.75 6.50 
SD 3.37 13.00 2.58 1. 91 2.22 2.75 2.06 2.89 
BD4 M 8._75 10.75 10.75 7.75 8.75 9.74 7.75 9.25 
SD 2.21 4.35 2.06 • 96 3.50 4.86 • 96 3.20 
BD6 M 30.50 23:25 27.75 23.75 23.00 25.50 27.00 36.50 
SD 10.50 4.65 3.77 4.72 3.56 11.56 4.90 29.24 
BD8 M 75.25 101.50 117. 50 76.50 54.50 84.00 104.50 72.25 
SD 30.65 31.89 3.00 37.22 13.43 35.92 17.92 37.83 
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Table 33 
Cell Means for Error and Time 
Scores in Fourth-Graders 
Treatment: Reward Nonreward 
Sex of S: ·Male Female Male Female 
Sex of E: Female Male Female Male Female Male Female Male 
BP M 54.50 55.25 50.75 47.25 53.00 48.50 52.75 55.25 
SD 7.05 3. 40 14.52 6.65 8.16 19.64 3.86 13.33 
CE M 2.75 5.50 2.50 2.75 5~:25. 2.25 3.25 2.25 
SD 1. 50 3.11 2.65 3.10 2.72 1. 89 2.50 1. 71 
OE M 1.00 1. 50 .50 .75 .75 1.00 .25 .50 
SD 1.15 1. 91 .58 • 96 . 50 1. 41 .50 .58 
BE M 3.75 3.75 4.50 3.00 4.00 3.25 4.25 4.50 
SD 1.71 2.36 1. 29 1. 83 2.58 2.06 1. 71 1. 29 
SE M 5.75 6.50 5;00 6.25 6.25 7.25 3.75 7.25 
SD • 96 3.88 1. 83 2.06 2.06 2.36 1. 26 • 96 
BD2 M 13.75 12.50 13.75 11. 25. 17.75 13.25 17.75 15.50 
SD 2.88 5.20 2.88 2.87 18.36 2.63 6.85 7.55 
BD4 M 18~00 21.75 36.25 32.50 23.00 18.25 30.75 30.00 
SD 10.67 30.53 25.06 22.37 8.04 3.20 21.11 24.71 
BD6 M 40.00 45.25 55.00 32.25 50.50 51.00 54.50 60.75 
SD 20.20 21.39 23.10 28.54 20.14 25.97 20.01 14.57 
BD8 M 113.75 120.00 118.00 111. 25 116. 50 102.00 120.00 120.00 
su 12.50 00 4.00 17.50 4.73 21.35 00 00 
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T~ble 34 
Cell Means for Error and Time sc·ores 
in Nursery School Children 
Treatment: Reward Non reward 
Sex of S: Male Female Male Female 
Sex of E: Female Male Female Male Female Male Female Male 
BP M 58.25 48.50 63.25 50.75 55.50 57.00 62.75 42.25 
SD 8.77 16.76 16.21 5.25 5.51 17. 47 9.64 7.63 
CE M 00 4.50 00 1. 25 00 • 50 00 .25 
SD 00 9.00 00 2.50 00 1. 00 00 • 50 
OE M 3.25 5.75 3.75 4.25 5.75 5.50 3.25 4.00 
SD 2.36 2.06 1. 26 2.99 • 96 2.38 .50 2.16 
BE M 1. 75 . 5. 75 2.75 3.00 li.50 4.75 5.25 3.75 
SD • 96 2.75 1. 71 1. 41 2.65 2.75 2.75 2.50 
SE M 5.25 7.25 3.75 7.25 5.75 6.25 7.00 7.25 
SD 2.87 7.23 3.30 4.57 • 96 2.06 2.16 2.22 
BD2 M 16.25 11.00 18.25 15.25 15.00 18.25 14.50 14.75 
SD 9.18 6.58 9.54 11.03 6.22 11.93 3. 42 2.75 
BD4 M 23.25 26.00 34.75 16.50 28.25 36.75 32.25 26.00 
SD 2.99 13.11 9.54 5.07 13.40 15.84 15.95 9.20 
BD6 M 36.25 46.25 28.25 32.00 47.00 57.75 54.25 28.50 
SD 13.05 21.36 16.92 18.78 11.52 4.50 11.50 21.44 
BD8 M 43.75 58.75 55.25 33.50 . 56.75 70.50 59.25 40.50 
SD 13.96 18.87 23.84 5.07 21.39 9.00 11.50 23.04 
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Table 35 
Adult Scaled Score Data 
TR SX EX IQ MTH PT TS AG HR VC FD PO IN AR SM DS OA ED 
R M F 
M 
F F 
M 
NR M F 
M 
F F 
M 
H 235 
H 231 
L 232 
L 220 
H 222 
L 231 
22 71 37 34 24 26 
23 68 34 34 24 21 
20 66 33 33 23 20 
22 78 44 34 22 32 
22 66 34 32 25 22 
22 68 36 33 25 24 
21 11 
23 13 
23 13 
24 . 12 
19 12 
19 i2 
L · 232 19 
H 227 23 
L 224 19 
H 232 23 
59 29 30 
66 32 34 
64 34 30 
72 . 35 37 
L 233 21 71 36 35 
H 230 22 64 34 30 
L 223 
H 223 
18 65 
23 73 
38 27 
34 39 
H 223 21 61 31 30 
L 233 21 66 
L 225 20 71 
L 228 20 62 
H 234 21 69 
34 32 
31 . 40 
26 36 
28 41 
23 18 
20 2.3 
26 25 
22 24 
18 
23 
19 
26 
23 24 24 
23 21 20 
16 30 19 
25 22 26 
22 20 19 
17 20 23 
2 4 20 27 
19 18 25 
20 17 32 
H 222 
L 222 
H 234 
H 235 
20 75 36 
18 52 28 
23 86 41 
23 79 39 
39 23 25 
24 20 17 
45 2 9 27 
.40 27 25 
27 
15 
30 
27 
11 
9 
9 
11 
12 
13 
8 
12 
11 
8 
11 
8 
11 
11 
11 
14 
14 
L 238 22 68 32 36 21 20 27 12 
L 220 22 73 33 40 25 
H 222 23 69 35 34 28 
L 223 18 67 31 36 20 
H 223 23 66 35 31 20 
H 225 22 68 35 33 23 
H 223 23 84 41 43 25 
L 232 19 68 34 34 22 
21 27 12 
22 19 13 
22 25 9 
27 . 19 8 
22 23 13 
28 31 . 13 
23 23 11 
L 234 18 51 23 28 16 16 19 7 
16 
11 
11 
17 
11 
15 
10 
11 
10 
11 
12 
11 
14 
12 
9 
16 
9 
14 
9 
14 
8 
15 
15 
13 
8 
10 
10 
11 
12 
13 
8 
6 
13 
11 
10 
10 
13 
13 
12 
11 
11 
11 
11 
10 
8 
13 
11 
9 
13 
11 
9 
12 
9 
15 
13 
9 
13 
15 
11 
12 
16 
12 
11 
9 
16 
10 
9 
15 
11 
9 
8 13 
12 11 
9 14 
10 14 
10 9 
9 10 
8 8 10 
12 12 11 
15 9 10 
13 15 11 
12 11 13 
10 10 10 
16 9 10 
10 Jl3 13 
11 10 9 
10 11 12 
11 12 15 
4 13 12 
8 17 15 
11 15 12 
9 7 8 
12 13 17 
10 13 14 
7 13 14 
13 13 14 
12 8 11 
12 10 15 
16 9 10 
10 12 11 
15 15 16 
15 13 10 
10 8 11 
Table 36 
Elementary Scaled Score Data 
TR SX EX IQ MTH PT TS AG HR VC FD PO IN AR SM CD OA ED 
R M F 
M 
F F 
M 
NR M F 
M 
F F 
M 
L 126 
H 120 
L 128 
H 115 
L 115 
H 125 
L 120 
H 114 
H 115 
L 118 
· H 119 
L 121 
L · 117 
L 117 
21 66 35 31 
27 66 29 37 
20 53 29 24 
26 64 26 38 
21 62 28 34 
26 59 26 33 
18 44 27 17 
24 88 41 47 
24 78 38 40 
20 68 31 37 
22 65 31 34 
20 69 41 28 
21 66 30 36 
18 54 25 29 
H 121 22 
H 117 26 
L 125 23 
H 120 26 
L 118 19 
H 121 23 
H 125 22 
56 23 
78 33 
62 31 
33 
45 
31 
70 34 36 
71 34 37 
66 31 35 
68 34 34 
H 120 
L 120 
L 123 
H .115 
24 74 32 
20 56 30 
20 53 21 
27 76 38 
L 123 24 
L 124 21 
H 119 28 
H 119. 23 
H 115 23 
L 119 18 
L 124 20 
79 43 
60 32 
80 39 
78 41 
71 33 
55 27 
53 25 
42 
26 
32 
38 
46 
28 
41 
32 
38 
28 
28 
22 
26 
17 
19 
20 
22 
16 
34 
29 
21 
27 
24 
23 
16 
24 
17 
21 
20 
18 
14 
16 
26 
26 
22 
19 
28 
21 
18 
20 
23 
15 
25 
24 
23 
12 
28 
23 
25 
19 
17 
22 
20 
11 12 
12 12 
8 10 
6 11 
10 10 
12 9 
11 10 
15 14 
12 13 
9 11 
12 8 
13 12 
9 11 
7 8 
19 13 24 10 6 
26 22 30 11 10 
22 20 20 11 9 
24 21 
22 22 
28 22 
22 22 
25 
19 
14 
32 
22 
21 
15 
22 
35 27 
21 22 
27 26 
25 27 
25· 20 
17 18 
16 18 
25 
27 
16 
24 
27 
16 
24 
22 
27 
17 
27 
26 
26 
20 
19 
13 
12 
13 
12 
10 
9 
6 
16 
16 
10 
13 
14 
13 
9 
7 
13 
11 
12 
9 
11 
10 
9 
10 
15 
9 
14 
13 
11 
10 
8 
11 
14 
9 
13 
10 
10 
5 
19 
17 
12 
15 
11 
14 
9 
12 
5 
11 
9 
8 
5 
6 
12 
13 
11 
11 
16 
10 
10 
9 7 
15 12 
11 11 
11 
10 
15 
10 
15 
10 
8 
16 
19 
11 
14 
11 
12 
8 
9 
8 
11 
10 
13 
11 
11 
6 
12 
12 
13 
12 
14 
9 
8 
10 
9 
11 
7 
13 
13 
10 
6 
15 
13 
13 
10 
9 
12 
'9 
11 
12 
8 
12 
11 
12 
6 
13 
10 
12 
9 
8 
10 
11 
10 14 
15 15 
11 9 
11 
16 
10 
10 
15 
7 
13. 
13 
17 
9 
14 
15 
15 
11 
10 
14 
11 
6 
14 
12 
9 
11 
9 
10 
8 
13 
11 
11 
9 
9 
1:13 
11'4 
Tl'!hle 37 
Nursery Scaled Score Data 
TR SX EX IQ MTH PT TS AG HR VC FD PO IN AR SM AH GD BD 
R M 
F 
NR M 
F 
F 
M 
L 
H 
H 
L 
L 
H 
H 
L 
F L 
H 
L 
H 
M L 
L 
H 
H 
F H 
L 
H 
L 
M .L 
H 
H 
L 
F H 
L 
L 
·H 
H .M 
L 
L 
H 
67 24 
64 26 
58 25 
61 23 
65 22 
48 30 
56 .30 
60 18 
79 38 41 28 
80 38 42 23 
81 44 37 26 
65 35 30 23 
72 33 39 26 
45 19 26 16 
68 35 33 27 
49· 25 24 12 
60 
60 
58 
52 
52 
65 
62 
55 
58 
63 
62 
65 
55 
56 
60 
59 
23 80 
28 . 92 
26 82 
29 69 
22 65 
21 69 
23 64 
22 86 
29 65 
24 77 
28 66 
24 68 
21 68 
23 55 
25 77 
22 67 
42 38 
51 43 
42 40 
33 36 
34 31 
31 38 
30 34 
45 41 
35 30 
45 32 
37· 29 
37 31 
35 33 
32 23 
39 38 
29 38 
76 40 36 
67 35 32 
72 40 32 
79 . 41 38 
24 
37 
26 
26 
18 
21 
20 
28 
24 
28 
24 
25 
27 
19 
24 
20 
25 
25 
23 
28 
25 
25 
29 
24 
23 
11 
22 
18 
26 
32 
26 
18 
23 
18 
19 
i9 
13 14 
13 13 
15 14 
11 13 
10 . 13 
15 
10 
11 
12 
16 
11 13 
12 18 
15 10 
11 8 
10 11 
8 9 
13 11 
7 7 
8 
14 
5 
2 12 
11 7 
11 10 
30 26 12 
32 25 19 
31 25 11 
19 24 14 
23. 24 11 
21 27 10 
22 22 8 
29 29 16 
24 17 11 
28 21 17 
24 18 13 
24 19 13 
22 19 13 
22 14 10 
28 25 11 
21 26 8 
27 
22 
26 
26 
24 
20 
23 
25 
16 12 14 
16 18 16 
16 15 15 
9 12 10 
12 7 11 
11 11 10 
11 12 11 
14 12 15 
10 13 14 
16 11 12 
11 11. 13 
11 12 13 
12 14 10 
13 9 9 
12 13 16 
10 12 11 
12 
11 
11 
12 
12 
11 
17 
8 
15 
9 
8 
8 
9 
9 
8 
11 
14 
14 55 28 
65 17 
61 22 
55 24 
60 26 
62 23 
49 25 
54 30 
81 40 41 22 28 31 
66 33 33 20 22 24 
76 42 34 22 30 24 
84 46 38 27 33 24 
13 
13 
14 
15 
12 
11 
12 
13 
9 
13 
16 
16 
10 
15 
18 
12 
12 
9 
13 
10 
9 
10 
14 
15 
13 
13 
10 
12 
12 
15 
15 
9 
11 
17 
16 
11 
12 
11 
13 
14 
16 
10 
12 
6 
12 
9 
15 
14 
13. 
12 
13 
10 
14 
14 
8 
13 
10 
10 
10 
6 
14 
12 
10 
11 
12 
8 
15 
13 
12 
13 
I 
Adult Error and Time Data 
TR SX EX BP HE CE OE BE SE BD1 BD2 BD3 BD4 BD5 BD6 BD7 BD8 BD9 
R 
F 
NR M 
F 
F 28 
44 
35 
35 
M 50 
. 48 
42 
36 
F 53 
38 
37 
58 
M 51 
23 
48 
28 
F 32 
37 
31 
41 
M 57 
20 
36 
32 
F 35 
42 
39 
. 47 
M 55 
22 
52 
45 
4 10 
5 6 
5 9 
4 2 
5 0 
5 6 
1 
0 
1 
1 
0 
1 
7 20 1 
4 2 0 
8 2 1 
5 14 0 
4 0 0 
7. 1 6 
11 3 1 
4 11 0 
9 9 2 
8 9 1 
2 7 0 
4 28 .0 
6 22 0 
5 7 0 
10 10 1 
0 2 . 0 
2 0 0 
5 5 0 
2 8 0 
3 10 1 
1 2 
1 4 
0 4 
0 3 
3 2 
2 . 2 
4 
2 
3 
1 
2 
2 
3 
1 
3 
2 
0 
1 
0 
1 
4 
0 
0 
0 
0 
2 
2 
2 
4 
4 
6 
5 
7 
3 
4 
5 
2 
3 
6 
4 
5 
1 
2 
5 
2 
0 
5 3 
5 16 
5 10 
2 6 
5 6 
0 2 3 
1 3 1 
0 1 4 
0 0 2 
0 2 3 
7 6 1 2 4 
19 
12 
15 
22 
.20 
15 
7 7 12 16 
.6 18 8 19 
13 24 8 23 
24 30 51 65 
46 45 120 93 
28 38 62 82 
24 42 68 97 
29 72 120 120 
25 77 112 120 
6 6. 7 21 
7 9 10 35 
7 6 7 35 
16 7 
25 33 
13 8 
14 6 
11 5 
28 10 
23 8 
27 8 
17 6 
17 4 
30 5 
26 6 
37 10 
21 8 
20 10 
10 4 
11 9 
10 6 
9 8 
12 7 
12 17 
7 9 
6 13 
5 9 
21 19 47 120 
20 20 38 54 
95 
93 
60 33 72 120 120 
14 25 92 116 37 
9 
8 
9 
7 
8 
4 
12 ·. 15 
9 46 
7 23 
7 12 
25 45 120 71 
28 120 114 120 
27 120 95 120 
17 31 46 45 
9 12 27 114 120 94 
8 10 24 66 45 56 
5 10 16 26 
6 13 21 21 
4 5 11 26 
7 7 12 19 
66 42 72 
44 55 120 
55 48 68 
76 73 120 
11 17 
5 7 
27 39 119 117 120 
8 18 36 36 40 
7 7 13 14 30 105 105 
4 8 16 31 53 78 59 
11 8 33 31 47 90 55 
6 7 28 25 ·29 120 120 
29 
48 
27 
16 
20 
44 
4 7 7 19 31 26 88 120 
4 12· 9 13 21 120 120 44 
9 9 14 34 80 88 82 120 
4 4 8 16u 18 29 32 62 
4 9 7 15 27 113 120 120 
9 10 8 20 21 54 55 120 
Table 39 116 
Elementary Error and Time Data 
TR SX EX BP HE CE OE BE SE BDl BD2 BD3 BD4 BD5 BD6 BD7 BD8 BD9 
R M 
F 
NR M 
F 
F 58 11 
57 7 
44 15 
59 9 
M 54 12 
55 9 
52 22 
60 4 
F 63 7 
76 9 
63 10 
41 14 
2 
5 
2 
2 
3 
10 
4 
5 
1 
3 
6 
0 
2 
0 
2 
0 
·a 
2 
4 
0 
0 
0 
1 
1 
M 41 10 0 0 
42 14 7 2 
53 
53 
F 53 
53 
43 
63 
M 47 
57 
22 
68 
F 67 
59 
10 
6 
12 
8 
12 
12 
9 
7 
18 
12 
10 
6 
60 11 
65 6 
M 57 11 
73 
49 
42 
9 
14 
15 
1 
3 
8 
4 
3 
6 
5 
2 
1 
1 
3 
6 
4 
0 
2 
4 
0 
3 
1 
0 
1 
1 
0 
1 
1 
0 
3 
0 
0 
0 
1 
0 
0 
0 
1 
1 
4 5 
2 5 
6 7 
3 6 
4 8 
2 5 
7 11 
2 2 
4 3 
3 6 
5 4 
6 7 
5 10 
4 8 
1 
2 
5 
1 
3 
7 
1 
3 
6 
3 
6 
4 
5 
2 
4 
3 
5 
6 
8 
4 
6 
6 
9 
4 
7 
4 
9 
9 
4 
2 
5 
4 
7 
6 
8 
8 
9 13 15 
13 16_ 11 
3 16 25 
12 10 14 
8 15 18 
9 6 8 
8 18 75 
16 11 18 
10 12 23 
9 12 14 
10 13 33 
9 18 26 
9 13 68 120 120 120 
18 28 38 92 95 120 
12 29 20 120 120 120 
33 31 34 120 120 120 
13 20 41 42 120 120 
27 14 41 70 120 120 
25 75 75 120 120 120 
22 75 21 53 120 113 
24 34 75 88 120 120 
70 75 34 118 120 120 
39 31 36 120 112 120 
12 19 75 51 120 120 
12 19 18 25 75 120 120 120 120 
6 15 14 41 21 19 47 120 120 
9 9 15 60 
7 9 9 11 
45 10 30 19 
10 11 11 20 
4 5 11 18 
8 45 45 35 
8 17 9 21 
10 12 46 16 
10 11 14 15 
10 13 18 21 
10 10 51 62 
6 20 16 19 
19 19 59 85 120 
14 16 89 120 120 
67 59 42 120 120 
24 34 54 116 120 
21 34 71 110 120 
62 75 120 120 120 
13 45 43 78 120 
12 67 63 96 120 
19 17 120 120 120 
14 75 118 120 120 
75 52 120 120 120 
75 28 37 120 120 
12 
7 
7 
26 
15 
8 
29 
14 
9 
17 75 
25 34 
10 17 
75 120 120 120 
63 88 120 120 
70 120 120 120 
55 120 120 120 
75 120 120 120 
43 120 120 120 
10 22 19 66 39 
18 22 26 24 76 
6 10 28 20 56 
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Table 40 
Nursery Error and Time Data 
TR SX EX BP HE CE OE BE SE BD1 BD2 BD3 BD4 BD5 BD6 BD7 BD8 BD9 
R M F 61 .6 
57 8 
0 3 
0 0 
F 
NR M 
F 
47 13 0 
68 14 0 
M 54 7 0 
62 29 18 
54 13 0 
24 26 0 
F 49 12 0 
70 5. 0 
5 
·s 
3 
6 
8 
6 
4 
4 
51 7 
83 17 
M 46 26 
48 8 
0 2 
0 5 
5 7 
0 0 
·51 
58 
11 0 
F 49 
53 
61 
59 
13 0 
20 0 
14 0 
17 0 
13 ·~. 0 
M 74 18 
40 24 
44.: 12 .• 
70 12 
F 50 .18 
68 12 
61 17 
72 15 
M 51 10 
45 15 
33 22 
0 
2 
0 
0 
0 
0 
0 
0 
1 
0 
0 
5 
5 
7 
6 
5 
5 
8 
7 
4 
3 
3 
3 
4 
3 
1 
4 
6 
. 40 13 0 5 
2 
1 
1 
7 
1 7 
3 6 
3 1 
9 14 
4 1 
7 13 
2 
1 
6 
0 
3 2 
5 7 
5 14 
3 5 
12 12 8 26 45 25 36 58 69 
11 30 16 19 31 34 23 38 66 
25 12 6 
11 11 17 
13 18 6 
51 15 9 
24 7 7 
14 4 6 
24 28 31 43 
24 . 33 55 60 
23 45 15 26 
45 45 60 50 
21 35 
15 45 
50 30 
60 60 
27 31 
52 61 
40 75 
75 75 
45 75 
75 75 
19 7 20 37 32 19 
23 30 10 45 45 16 
52 27 21 
55 75 39 
18 16 18 22 20 25 31 44 51 
41 20 30 35 45 53 60 75 75 
26 5 15 13 45 25 26 32 75 
24 17 11 24 34 20 23 41 75 
2 
2 
.8 
2 
5 
3 
6 
8, 
2 
3 
7 
2 
4 
8 
1 
3 
7 
4 . 19 9 4 15 
6 16 30 15 14 
5 22 24 13 45 
6 18 12 9 33 
7 18 14 30 19 
5 19 10 17 16 
42 60 
45 23 
45 60 
20 35 
45 40 
19 53 
28 30 38 
31 31 75 
60 7·5 75 
60 34 34 
60 75 75 
60 43 75 
4 
9 
6 
6 
8 
7 
9 
4 
8 
8 
9 
25 30 14 
37 3 8 
9 15 5 
18 25 5 
14 11 12 
11 15 30 
44 42 
45 45 
13 21 
45 33 
45 45 
12 33 
22 19 
57 13 
26 12 
10 18 
16 13 
17 27 35 
17 45 45 
12 38 42 
7 17 45 
8 21 12 
60 60 75 75 
60 60 75 75 
60 17 57 13 
51 34 75 49 
60 60 75 75 
60 16 75 75 
37 40 52 75 
60 60 75 75 
20 22 30 45 
22 23 27 45 
60 60 75 75 
4 4 27 16 8 28 27 12 12 30 75 
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A GENERAL NOTE ON DERIVATION 
OF ERROR AND TIME SCORES 
Several of the error and time scores that appear in the text and 
tables need some clarification. 
The Block Design times that are reported are times that :WSlJP.e 
recorded during the testing session. Block Design Trial 1 (BD1) as 
listed in the tables, is a combination time for block trials 
1 and 2 on the WAIS and WPPSI. For the elementary school children, 
Block Design Trial 1 is actually the time recorded for block 3 on 
the WISCR which is the point at which testing begins for children 
of this age. Block Design Trial 2 (BD2) on the WAIS and WPPSI, 
1s then actually block 3; Block Design 3 (BD3) is block 4; etc .. 
On the WISCR, Block Design Trial 2 (BD2) is actually the time for 
block 4, the second trial attempted: Block Design 3 (BD3) is for 
block 5; etc •. In cases in which two attempts or trials per block 
are allowed, the times reported are the times for the first trial on 
each block attempted. On attempts that were terminated due to time, 
the subject received the maximum time allotted for that particular 
trial. For trials which were not attempted due to termination of 
the subtest based on discontinuation criteria, the subject also 
received the maxim~ time for that trial. 
A second time measure, Block Design Proportional Time (BP), 1s 
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also reported. This measure uses only those trials attempted by the 
subject and is the percentage of time used by the subject expressed as a 
percentage of the maximum time allotted for those trials. 
To compute error scores"slightly different procedures were used for 
"the different subtests at various ages. On the Similarities test, an 
error is defined as a response that was scored·"O". This scoring was. 
consistent at all ages. A response on the Object Assembly on the WAIS 
or WISCR was scored an error if the puzzle was put together incorrct-
ly within the time limit or the time expired without the proper 
arrangement. Nursery school children were considered in error on the 
Geometric Design test if on a trial they received a "0" score. On 
the Block Design subscale, adults and elementary school children 
were considered to have made an error if on the first attempt the 
design was not properly constructed within the time allotted., 
Nursery school children were in error only if they. failed both trials'. 
On the Animal House subtest, errors and omissions were combined 
into a single error score. On all subtests, if the test was discon-
tinued due to discontinuation criteria, the subject was considered 
to have made errors on all remaining trials on that particular 
subtest. 
APPENDIX H 
INSTRUCTIONS TO SUBJECTS 
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Instructions to College Students 
Today we are going to do two experiments of a similar nature. The 
first will be fairly short, the second slightly longer but the total 
time should be less than an hour. We've arrarged the research in this 
way to make it easier to collect the data since both these experi~ 
ments deal with achievement. Any questions? 
I-'ll heed to get some information first .... The first experiment 
consists of two short tasks. Are you ready? 
That finishes the first experiment, now we'll go on to the second. 
This experiment also consists of a few short tasks. For this research 
we have received a government grant. (R: and if you do well enough on 
the tasks you will receive a $2.00 prize). Try your best ..... 
Instructions to Elemeutary School Students 
What we are going to do today has two parts. The first will be 
fairly short, the second slightly longer but the total time should be 
less than an hour. We've done this so we only need to take you from 
class once, and both parts are pretty much the same. Any questions? 
I'll first need to get some information 
made up of two short tasks. Are you ready? 
This first part is 
That finishes the first part, now we will go on to the second. 
The second part is also made up of some short tasks. (R: For this 
part we have some prizes. If you do well enough you can get one of 
these prizes. Come next door and select the prize you would like to 
get. If you do well enough which prize would you like? We w~ll put 
that one aside for you. In two weeks we will have the results and let 
you know whether you will get the prize). Try your best .... 
123: 
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Instructions to Nursery School Student~: 
What we are going to do today has two parts. The first part is 
short, the second a little longer. Both parts are pretty much the same. 
Any questions? 
This first part is made up of two short activities. Are you ready? 
That finishes the first part, now we'll go on to the second. The 
second part is also made up of short questions and activities. (R: For 
this part we have some prizes. If you do well enough you can get one 
of these prizes. Here they are. If you do well enough which one would 
you like? We will put that one aside for you. Next week after we finish 
I'll tell you if you get the prize). Try your best .... 
APPENDIX I 
LISTS OF PRIZES 
1:25. 
List of Prizes a·nd Values for Nursery School 
Blow Bubbles Lots a' Ways. Chemtoy Corp. ($.69) 
Coloring Books: Western Publishing Company. 
The Wizard of Oz Color and Activity Book. 1977. ($.69) 
Superman in Luthor's Lost Land. 1975. ($.69) 
Crayola Crayons: 24 Crayons. Benney & Smith. ($.42) 
Golden Books: Western Publishing Company. 
Lassie and The Secret Friend. 1972. ($1.50) 
Raggedy Andy: The I Can Do It, You Can Do It Book. 1976. ($1.50) 
Walt Disney's Cinderella. 1950. ($1. 50) 
Walt Disney's Snow White and the Seven Dwarfs. 1952. ($1.50) 
Peg Board Design Set. Little Big Toys, Target Stores Inc. ($. 5:9) 
Tinkertoys Construction Set: Primary 45 pieces. Questor Education 
Products. ( $1. 67) 
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List of Prizes and Values for Elementary School 
Books: 
Dixon, F. W. The Hardy Boys #52 The Shattered Helmet. New York: 
Grosset & Dunlap, 1973. ($2.50) 
Keene, C. The Nancy Drew Mystery Stories #45 The Spider Sapphire 
Mystery. New York: Grosset· & Dunlap, 1968.($2.50) 
Butterfly Kite. Top Flite, Division of Crunden Martin.($2.50) 
Croxley Jigsaw Puzzle #4611. Milton Bradley Company.($.74) 
Duncan Imperial Yb-Yo. Duncan.($1.39) 
Jumprope and Jacks Set. Little Big Toys, Target Stores Inc. ($.99) 
Interlocking Pieces 15 Puzzle. Lowe Company, Milton Bradley.($.99) 
LeMans Racing Cars. Zee Toys.($.98) 
Kopy Kat Paint Se.t. Dixon, The American Craton Company.($.79) 
Peg Board Design Set. Little Big Toys, Target Stores Inc. ($.59) 
Ridge Riders (Yamaha 650 Police). Zee Toys.($.59) 
Slinky. James Industries.($.98) 
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APPENDIX J 
LETTERS TO PARENTS AND PRINCIPAL 
.1:2:8 
w~m 
Oklahmna State Unioer.<:,·it?J I STILLIVATER, OKLAHOMA 74074 241 110M I LCON0,\.11(5 Wt.> T /405) 624-5061 ' DI.I'ARTM£NT OF fAMilY ~fl All( IN~ 
AND CltilO Dl VII UI'MI. N I 
Dear Parent: 
We are preparing a resea.·ch project sponsored by the Department of 
Family Relations and Child Development at Oklahoma State University to be 
conducted with the cooperation of the teachers and administration at your 
child's school. Tile full study involves the use of 40 nursery-school 
children, two fourth-grade classes and also 80 college students. 
The study is an attempt to gain some insight in the development of 
children's thought patterns in the l1upe of improv'ing education. A few 
short tasks will be given to your child. These tasks are standard ability 
tasks Nhich are orten gi·ven to cnildren in these age groups and will take 
auout 50 minutes to administer. 
If for any reason you do not wish your child to participate in the 
research project please irofOI"III Ute child's teacher. If you require more 
information please contact the researchers through the FRCD Department 
at Oklahoma State University. \·le vlill be more than happy to share our 
results ;lith you upon completion of the research project if you wish. 
Thank you for your cooperation. 
JCM:JOM/bgm 
Sincerely, 
c·- :,-~-;(.~- ( '--y)rf! .. J4./ 
'/, 
. /. ·- . 
John C. McCullers, Professor 
Department of Family Relations and 
Child Development" 
·. "'~)'-~'/.: 0 
ul£,...;c.V'J" ~&,fl-
James D. Moran III 
Research Assistant 
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Oklahoma Stale Unhxrs#y I SJILLWATER. OKliii/CJMII 74074 l41 /IOAH /CCJNOMIC 5 W£51 (405) 624-5061 DEPARIM[Nl OF fAMILY ~f.lMIONS 
AND Cl Ill[) OfVli.OI'MENT 
Dear Parent: 
We 1·10uld like to thank you and your child for your cooperation in 
our research efforts. Since our project dealt with an investigation of 
the effect of rev1ard on the develop111ent of child1·en's thought patterns, 
your child has received d prize for participation in the research. 
Our research to date indicates that on some types of tasks reward 
helps performance, but on other types of tasks (especially those involving 
creativity, conceptual organization or complex problem-solving) reward 
may hinder pet·formance. 
Once again if you would like to hear more about the research please 
contact the researchers through the Family Relations and Child Development 
Depart111ent at Oklahoma State University. 
JCM:JDr·l/bgm 
Sincerely, 
\ .~ > L.._/ t ?-n· ~...., /-(,;.../ 
John 1t:. McCullers, Professor 
Department of Family Relations and 
Child Development 
~ -r/ :·"~/)'l.t;~~t:2 
James D. Moran III 
Research Assistant 
130 
Oklahoma State Universitu I DEPARTMl NT Of f Ah\11 Y k[L,\ liONS 
AND CHilD Dll'li.OI'I,IfNf 
t·ls. Barbara Bayless, Pr·incipal 
Westwood School 
502 S. Kings Hi~I"'"Y 
Stillwater, Oklorroma 74074 
Dear Ms. Bayless: 
April 4, 1978 
SJ/11 WMER, OKLAIIOMA 74074 
241 /IIJMf !CUNU,\1/C\ WI.\ I 
140\i ~24-5057 
I would like to extend our gratitude for your assistance and cooperation 
In helping us conduct our research study at Westwood School. I realize that 
having groups such as ours coming into your classrooms causes some inconven-
iences and we appreciate your patience. Everyone associated with Westwood 
including the staff, teachers and students wJs extremely pleasant and helpful. 
Special thanks should go to Mrs. White and Mrs. Moore for their cooperation. 
Sometime in the near future I hope to provide the school with some feed-
back as to the results of our investigation. As soon as a written report of the 
findings is available, we will send a copy to you. Or. McCullers, Nancy 
Houston and myself wish you all the best. 
Sincerely, G":) 
. dd,;«-,J;1J;.~_Ifp 
~ames D. Moran !II 
JDM/bgm 
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APPENDIX K 
PILOT WORK 
132 
The pilot work to be described here has been conducted by Moran, 
McCullers, and Fabes. Two experiments were conducted prior to the 
present study. The intent in thepilot studies was to begin to assess 
the role of reward in intelligence test performance in a research 
atmosphere where heredity-environment issues were not at stake. We 
simply wanted to know if reward could be shown to affect performance 
and, if so, whether that effect would be consistent across subtests. 
In the first study, two groups of 10 white, female undergradu-
ates each were administered the full-scale version of the WAIS by 
white male examiners, one group (R) under reward conditions and the 
other group (NR) under nonreward. The subjects were matched closely 
on age and Wide Range Vocabulary (WRVT) scores. The age of the 
subjects ranged from 18 to 20 years in both groups with a mean of 
19.1 years in the group Rand 18.9 in NR. The WRVT was used to pro-
vide a pre-experimental estimate of intelligence because WRVT scores 
correlate highly with verbal and total IQ. The mean Wide Range score 
for group R was 75.3 (range= 63 to 85), and for group NR was 74.8 
(range= 62 to 86). Subjects in the NR group were simply tested 
according to the standard administration procedure. 
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Subjects in the R group received four dollars each for their 
participation. We were aw~re that how and when the money was delivered 
might be crucial but did not know whether immediate or delayed, or 
contingent or noncontingent payment, and,-if contingent, whether for 
mere participation or for good performance would be more ·likely to 
yield an effect of reward on IQ. We did not want to try to resolve 
all these issues in this initial study, but merely wanted to provide 
an ample o8nity for reward to show its effect if one were there,. 
Therefore, subjects were rewarded according to the following rather 
elaborate procedure: All R subjects were told that they would re-
ceive 25 cents for participating in·the study, an additional 25 cents 
for each task (subtest) they completed, and on a few selected tasks 
they could also earn an additional 25-cent bonus for good performance. 
Subjects were told that they would not know in advance which tasks 
car~ied the bonus. Rewards were delivered and ·accumulated as testing 
progressed: a quarter dollar after the instructions, an additional 
quarter at the conclusion of each of the eleven subtests, and a quar-
ter bonus after four subtests. Six tests were identifued at their 
conclusion as having been "bonus" tasks. All R subjects were told 
that they had earned the bonus on four of these (Similarities, Digit 
Span, Digit Symbol, Picture Arrangement) but had not earned it on 
two (Arithmetic, Block Design). 
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The results indicated that reward had a modest detrimental effect. 
The mean total IQ was 109.7 for the R group and 112.6 for the NR 
group; performance and verbal IQ.scores were essentially the same. 
These are admittedly not impressive differences but given our small. 
sample size and the presumed difficulty of modifying IQ scores in 
this way, we found them interesting. The performance trend across 
subtests was highly similar for both groups. The NR group scored 
higher than the R group on seven subtests, but the mean difference 
between groups was less than a scaled-score point in 'all but three 
of the eleven subtests. The R group was superior to the NR group by 
more than a point on Comprehension (R mean= 12.0, NR mean= 10.1); 
NR was superior to R by more than a point on Digit Span (R mean = 12.2, 
NR mean = 13.4) and Picture Completion (R mean = 10.3, NR mean = 11.4). 
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Without making too much of these specific findings, it appeared 
that reward could affect IQ, that total IQ might be adversely affected · 
but only slightly so, and that reward may have different effects with 
different subtests. 
Our interests in the effects of reward on intelligence test per-
formance expanded and three related research goals were considered. 
First of all, having found that problem-solv!ing abilities are adverse-
ly affected by reward, and assuming that effective problem solving 
requires insight, discoYery, reasoning, .and the like, we wanted to 
know if intelligence might be among the processes involved in reward's 
detrimental effects. Secondly, we wanted to test the algorithmic-
heuristic dimension of the two-factor prediction model outlined by 
McGraw. And thirdly, we were curious to know if reward's detrimental 
effects might be detectable as developmental changes in intellectual 
functioning. Because the various subscales of the Wechsler intelli-
gence tests tap both heuristic processes (i.e., rote me~ory and simple 
mechanical skills) and heuristic processes H.e., discovery and 
insight), and because intelligence tests have long been used to 
assess both intellectual power or complexity of functioning,,and 
level of intellectual maturity or mental age, these tests appeared to 
offer a potentially useful tool for helping us to achieve our 
threefold goal. We settled on the Wechsler scale also because it is 
well standardized, widely used, and of known reliability, and because 
it offered us an opportunity to extend our work beyond the traditional 
laboratory tasks into settings closer to the everyday environment. 
Our second study attempted to determine if the effect of reward 
would conform to the McGraw prediction model by facilitating perfor-
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mance on algorithmic subtests but having a detrimental effect on 
more heuristic ones. This study also attempted to resolve some of the 
issues raised in the first study concerning methods of administering 
the reward. On purely logical grounds, we selected three subtests of 
the WAIS as being mainly algorithmic and three as being heuristic. 
With some reservation concerning our choices, we settled on Informa-
ti~n, Digit Symbol, and Picture Completion as the algorithmic tasks, 
and on Block Design, Picture Arrangement, and Object Assembly as the 
heuristic tasks. This six-subtest task would. we hoped, provide a 
means of examining algorithmic and heuristic tasks on a within-· 
subject basis under reward and nonreward conditions. 
In order to evaluate the importance of method of administering 
reward, the design consisted of four treatrr.ent groups, one nonreward 
and three reward groups. These reward groups were contingent reward, 
noncontingent reward (paid), and social competition reward that 
competed for a monetary prize. The nonreward group, as before; was 
given the standard administration procedure. The contingent reward 
group received a nickel for each correct resonse. Here contingencies 
were explained to the subject in advance and they were told that they 
could make between two and three dollars during the session. Rewards 
were delivered as they were earned and accumlated before the subjects. 
The contingent reward subjects typically e~rned between $2.50 and 
$3.00 each. Paid reward subjects were simply told that we had funds 
available to pay them for their participation and prior to being pre-
sented any of the WAIS materials they were told they would receive 
$2.50. The social reward subjects were told that they were competing 
with other students like themselves and that the five highest scorers 
would receive a $5.00 prize, and that except for the five winners, no 
one else in the group would receive anything. The subjects were 
predominantly white female undergraduates of approximately the same 
age and IQ level as in the first study. There were 19 subjects per 
group closely matched on age and Ammon's Quick Test Scores. The 
examiners, as before, were white males. 
The results are summarized graphically in Figure 4. It may be 
seen:in the figure that the three reward conditions yield highly 
comparable results. Also, treatments had no differential effect over 
the first three subtests (the ones we are calling algorithmic). On 
the last three subtests (the heuristic tasks) the three reward groups 
were quite similar and clearly be~ow the NR group. The three reward 
groups were not significantly different from each other but differed 
as a group from the NR group, E < .05. Also, the interaction of the 
reward-nonreward variable with the algorithmic-heuristic variable 
was significant, E < .05, even though the three algorith~ic tasks did 
not differ from significantly from the three heuristic ones. Thus, 
it appears that reward can affect subtests differentially and the 
particular way that reward is administered does not seem to matter. 
In this case where,reward had a detrimental effect on subtests but not 
an offsetting enhancement on others, the net effect of reward on 
the six-subtest scale was detrimental. The overall mean differences 
in this second study were roughly comparable to those we found in 
the first study. 
In this study, several rather lli!Usual analyses were performed. 
One aspect of performance that interested us was the time to task 
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completion. Whether the lower performance of the reward groups was 
simply a result of differences in time spent on the problems or of 
differences in errors seemed potentially important to theory formation. 
Analysis of the.times to completion on the subtests revealed 
no significant differences. The importance of this finding lies in the 
fact that these are timed tests and a person's raw scores are based 
on the time factor. This finding indicates that the lower scores of 
the reward group were not merely a function of time to completion. 
In analyzing errors we primarily looked at the heuristic tasks (ED, 
PA, and OA). On the heuristic tasks, the nonreward subjects made 
significantly fewer errors than the reward subjects, £ < .006. Inclu-
sion of the Digit SJ®bol subtest yields the suggestion of a reward 
X subscale interaction, £ < . 06, 1n that the nonreward group made a 
greater number of errors than the reward groups on this task. 
The data appear to offer at least partial support for the pre-
diction model along the algorithmic-heuristic dimension .. on the tasks 
we labeled as heuristic there was a detrimental effect of reward. 
The performance of the rewarded subjects, regardless of the method 
of reward (i.e., contingent, payment, or social competition) was 
poorer than that of the nonrewarded subjects who received standard 
administration. On the scales we labeled algorithmic, however, no 
reward facilitation existed as predicted by the model. On these 
tasks rewarded and nonrewarded subjects performed similarly. 
It seems reasonable to conclude at this point that reward does 
indeed affect intellectual functioning, as measured by standardized 
intelligence tests. From a purely logical perspective, it should be 
possible to identify algorithmic subscales that would show enhance-
ment effects of reward. If so, we would expect to find a detrimental 
effect of reward on heuristic subscales, and an enhancing effect of 
reward on algorithmic subscales, for a net effect of no overall 
Change. 
As concerns our search for possible developmental changes in in-
tellectual functioning, there is some at least suggestive supportive 
evidence. At a gross level, there is an indication that IQ declines 
slightly under reward. Given that the subjects were matched initially 
on age, sex, and IQ, any decline in IQ scores as a function of reward 
could in this context be interpreted as a decline in intellectual 
maturity of level of functioning. we know that this decline was not 
a result of differences 1n time spent on the items by reward and 
nonreward subjects, but 1n differences in the errors these subjects 
made. If the error difference had resulted from the errors of reward 
subjects being scattered randomly between and within the subscales, 
it would have been easier to argue the reward produces a general 
disruption of functicning rather than developmental regression. On the 
contrary, however, errors under reward tended to occur predomiLantly 
in the heuristic tasks, requiring greater cognitive ability, and pre-
~om±nantly toward the end of those subscales requiring the highest 
levels of abstract functioning. 
Our consideration of the developmental regress1on notion stems 
from our search for a mechanism to explain the observed detrimental 
effect of reward. We feel that by themselves the data of these studies 
would not offer much support for the idea of developmental regression, 
but we have found enough additional support elsewhere in our research, 
139 
to at least entertain this interesting and hopefully fruitful hypothesis. 
Figure Caption 
Figure 4. Mean scaled scores on individual subtests for rewarded 
and nonrewarded subjects in pilot study. 
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